Eliminate instability 
in unity-gain followers 


Effective uC testing 
entails careful preplanning 


Simple hardware techniques 
make LSI interfaces 
fail safe 


Thelast time you saw areally new 


bench/portable DMM was 


That’s the year our 8000A was 
introduced. Its custom LSI and solid 
owner benefits quickly established 
it as the world’s leading DMM. 


Now, look at the new 8010A 
and 8012A: single-chip CMOS de- 
signs for problem-solving in the 
eighties! 

RAZOR-SHARPLCD for large, 
no-strain answers at first glance— 
in any light. 

TOUCH AND HOLD probe 
option, so you can thread your way 
through a component jungle and 
capture the reading you need. 


FUNCTION POWER: 22 ranges 
of AC and DC volts and current, 
six ranges of resistance, and three 
ranges of conductance — the mis- 
sing function on other bench multi- 
meters. 


CONDUCTANCE RANGES 
fornoise-free leakage measurements 
to 10,000 MQ). A valuable function 
for bench-testing boards and com- 
ponents, conductance also meas- 
ures transistor beta (using a bias 
resistor) and light intensity (by using 
a photocell). 


OVERLOAD-PROTECTED — 
like no other DMM, including re- 
jection of GOOOV transients and up 
to 6OOV applied to the current ter- 
minals. 


HONEST AC ANSWERS de- 
rived from a Fluke hybrid true rms 
converter. You’ll even see the dif- 
ference on your AC line between 
the correct value and what your 
average-responding meter reads. 
And 50 kHz bandwidth won’t let 
any significant distortion products 
go unmeasured. Plus, 10 times the 
basic response you may be limited 
to now! 


SPECS YOU EXPECT from 
Fluke — like +0.1% on DC for one 
year. Both models available with 
rechargeable batteries, and backed 
by the same solid warranty and 


worldwide service that helped make 
the 8000A the industry standard. 


For literature Circle No 1 
For demonstration Circle No 2 


LEADERSHIP HAS TO BE 
EARNED. And we’re committed 
to keeping the price of your confi- 
dence as realistic as possible. Like 
$239 for the 8010A with a 10A cur- 
rent range, and $299 for the 8012A 
with two extra-low ohms ranges 
that allow measurements from 
0.001Q to 10,000 MQ — making 
it the widest range ohmmeter avail- 


able! 


Contact one of the more than 100 Fluke 
offices and representatives, worldwide, or 
CALL (800) 426-0361* TOLL FREE. In the 
U.S., and all countries outside Europe, write: 
John Fluke Mfg. Co., Inc., P.O. Box 43210, 
Mountlake Terrace, WA 98043, U.S.A. 

In Europe, contact Fluke (Nederland) 
B.V., P.O. Box 5053, Tilburg, The Nether- 
lands. Telephone: (013) 673973. Telex: 
52.237. 


Prices U.S. only. 


“Alaska, Hawaii, Washington residents — please call (206) 
774-2481. 


2502-8010 


MAS/TER-D MASS TERMI- 
NATED D SUBMINIATURE 


Cannon Mas/Ter-D pin-and-socket D 
Subminiature connectors provide reliable 
high-speed mass termination at a lower total 
installed cost than conventional techniques. 
Fully intermountable and intermateable with 
all Cannon D Subminiature types, Mas/Ter-D 
connectors are terminated at one time with 
no insulation stripping or complex tooling. 
Cables may be terminated or used in daisy 
chain configurations with no cable breaks. 
Each contact size terminates two wire gages, 
solid or stranded, utilizing round conductor 
flat cable or individual wires with most stan- 
dard insulation materials. 


QUICK ACTION GETS YOU 
ALL THIS... 


Got an interconnect problem? Let us help 
you solve it. Send today for complete prod- 
uct information and a Cannon Quick Action 
card. Once youve returned it to us, welll 
send you a free old fashion apothecary jar 
filled with Cannon Candy. So take action to- 
day and send for our Quick Action card. And 
see for yourself that Cannon can! ITT Cannon 
Electric, 666 E. Dyer Road, Santa Ana, CA 
92702. Toll-free, 24-hr. (800) 854-3573: in 
CA, (800) 432-7063. (And be sure to check 
the EEM Directory for all your Cannon 
Connector needs.) 


Six decades on the leading edge of interconnect technology. 
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D SUBMINIATURE 
ALL-PLASTIC 90° D*P | 

This high performance, lowcost D*Pall-plastic 
90° PCB connector is fully intermateable 
with all D Subminiatures, and can be mounted 
over PC patterns without causing short- 
circuits. lt can replace other DSubminiature- 
type 90° PC connectors without board redrill- 
ing. Aspecial contact retention technique 
holds pins precisely aligned for easier assem- 
bly to the PC board. The D*P offers lower 
total installed cost as well as improved 
performance and reliability in interconnect 
systems in such applications as telecommu- 
nications, computer and industrial control. 


CANNON 1 


Technology News 


On the first autofocusing still camera, 
mirrors behind the windows flanking 
the Konica nameplate reflect images 
to a special comparator IC. 


focusing characterizes Polaroid’s SX- 
70. An ultrasonic transducer is located 
behind the grille directly above the 
camera lens. 


A photomicrograph of Honeywell’s Visitronic IC shows the segmented photode- 
tector arrays at either end of the chip. On-chip processing circuitry determines 
when the images falling on the arrays match, indicating a correct camera focus. 


images for each segment, as 
well as checking the sum of 
segment outputs. 

Although this multiple- 
segment approach requires 
more complicated chip cir- 
cuitry than a simple one-to- 
one comparison, the sharper 
resolution and increased as- 
surance of an accurate 
image match make the extra 
complexity worthwhile, ac- 
cording to Honeywell. 

Separate circuitry in the 
camera translates the Visi- 
tronic IC’s output into a 
control voltage for the 
camera-lens positioning so- 
lenoid. Movie cameras can 
use the same autofocusing 
system by substituting a 
stepping motor for the still 
camera’s solenoid to furnish 
continuous lens adjustment. 

Visitronic systems com- 
plete the entire focusing 
sequence in less than 0.38 sec. 
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The camera scans a subject, 
determines the correct dis- 
tance, sets the proper lens- 
focusing position and takes 
the photo while the user 
presses the shutter button. 

One disadvantage of this 
electronic image-comparison 
technique is that the silicon 
detectors must be provided 
with enough light to “see” 
the subject. But the detec- 
tors in the Visitronic chip 
overcome this obstacle by 
offering an unusually wide 
dynamic range of 5 to 5000 
nits (a measure of luminance 
equal to 1 candela/m?), ena- 
bling the camera to focus on 
scenes illuminated by can- 
dlelight as well as bright 
snowscapes. 


Echo works in the dark 

An alternative autofo- 
cusing technique eliminates 
potential low-light-level 


Tested for Millions of 
Operations 


gasee® 


Grayhill 
[2 and I6 Button 
Keyboard Pads 


choice of circuitry 

@ XY matrix 

@ single pole/common bus 

@ 2 out of 7 (or 8) coded output 
choice of 12-inch or 

¥,-inch button centers 


Grayhill’s 3 x 4 Keyboard Pads 
earned instant popularity for their 
positive tactile and audio feedback 
and performance. Now the line is 
broadened by the addition of 4 x 4 
Keyboards, featuring the same low 
profile, patented snap-action dome 
contact, and 3 million operation per 
button contact system life-rating. 
Readily interfaced with logic circuitry. 
Total button travel of only .015 inch. 
Standard post or flange mounting; 
top or sub panel mounting. Molded of 
tough ABS plastic; buttons with black 
on white molded-in legends a stan- 
dard, other legend options available, 
including clear snap-on caps for user 
legending. Send for complete specifi- 
cations, truth table, and information 
about our full line of Keyboard prod- 
ucts, from Grayhill, Inc., 


561 Hillgrove, | 
LLL A 


La Grange, Illinois 
60525. 
(312) 354-1040 


For more information, Circle No 34 
51 


Technology News 


LENS-TO-SUBJECT rn 
DISTANCE 


FIXED 
MIRROR 


VISITRONIC 


DISTANCE 
BETWEEN 
MIRRORS 


‘MODULE 
OUTPUT 


D2 


LINKAGE © 
y 4 


CONTROL 
SIGNAL 


SOLENOID 


Like conventional split-image focusing, the Visitronic system uses optical triangulation methods to determine the 


optimum camera-lens position. 


problems by avoiding the 
use of light altogether. This 
sonar method—developed by 
Polaroid Corp, Cambridge, 
MA—employs' ultrasonic 
echo ranging to determine 
proper focal distances. 

Polaroid’s sonar unit first 
appeared in its SX-70 Sonar 
camera—at a list-price in- 
crease of only about $16 over 
the firm’s nonautofocusing 
model. (In contrast, Konica’s 
Honeywell-based autofocus 
camera commands nearly a 
$100 premium.) 

The Polaroid sonar system 
contains five basic elements: 
a transducer, erystal clock, 
detector, accumulator and 
focusing motor. The critical 
part of the system is the 
dual-purpose—transmitting 
and receiving—electrostatic 
transducer, which consists 
of thin gold-plated plastic 
foil stretched over a metallic 
back plate; the foil converts 
electrical energy to acoustic 
energy and vice versa. 


Transducer sends and waits 


When a user depresses the 
camera’s shutter release, 
this transducer sends out an 
ultrasonic “chirp inh: an 
approximately 10°-wide cone 
toward the photographic 
subject. Simultaneously, a 
erystal - clock - controlled 
counter begins filling a 
128-bit register and contin- 
ues until the transducer 
detects a returning echo. 
Each register bit corre- 
sponds to a depth-of-field 
zone. 

In the simplest case, when 
the counter has filled all 128 
register positions without a 
returning echo (indicating a 
distant subject—at infinity), 
setting the last bit triggers 
the shutter and takes a 
photo with the lens still in its 
‘““nark”’ position. 

If the register is only 
partially filled when the 
transducer detects a return- 
ing echo (indicating a sub- 


ject at a distance less than 


infinity), the focusing motor 
begins moving the lens away 
from the “park” position; 
the number of register posi- 
tions filled at this point 
correlates with the distance 
to the subject. An encoder on 
the lens then generates 
pulses as it moves; these 
pulses fill the remaining 
register positions. (The num- 
ber of positions remaining to 
be filled indicates the dis- 
tance the lens must travel to 
obtain proper focus.) When 
the 128th register position 
fills, lens movement stops 
and the photo is taken. 
Because this sonar tech- 
nique utilizes only sound 
waves, its operation is unaf- 
fected by illumination levels. 
But the system does require 
a solid target to reflect its 
ultrasonic signal, so it can be 
fooled by subjects without 
substance, such as smoke. 
Anticipating this problem, 
Polaroid provides a manual 
override on the camera. EDN 
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IF YOU KNOW _ 
DYNAMITE WHEN 
YOU SEE IT... 
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THE CAZ AMPS. 


CAZ AMPs? 


Right. CAZ AMPs. Commutating Auto-Zeroing 
Amplifiers. The closest thing you can get to an ideal 
zero offset amplifier. It’s a’revolutionary product 
using a revolutionary idea from Intersil (patent 
pending). Iwo amplifiers are utilized instead of 
one...1n a monolithic CMOS IC. While one ampli- 
fier is handling the signal, the other is zeroing itself. 
What you get is automatic cancelling of offset, 
offset drift with time and temperature and reduction 
of low frequency noise. It’s a revolutionary product... 
at a revolutionary price: As low as $6.50 in 100’s. 


a4 


input in 


CAZ AMP OPERATING PRINCIPLE 
(SHOWN FOR ICL7600 OPERATIONAL AMPLIFIER) 


FIRST HALF OF COMMUTATION 
PERIOD 


SECOND HALF OF COMMUTA- 
TION PERIOD 


AMPLIFIER A: PROCESSES INPUT AMPLIFIER A: AUTO-ZERO MODE 


SIGNAL AMPLIFIER B: PROCESSES INPUT 
AMPLIFIER B: AUTO-ZERO MODE _ SIGNAL 
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T THESE: 


ONE PRINCIPLE. TWO CAZ AMPs. AT AFFORDABLE PRICES: 


Commutating Auto-Zeroing Operational Ampli- CAZ AMP OP AMPs’ Temp Range 100 Pc Price 
fiers. Commutating Auto-Zeroing Instrumenta- ICL7600MDD —55/+125°C $20.00 
tion Amplifiers. CAZ AMPs. ICL7600IJD —25/+85°C $10.00 
GOODBYE EXPENSIVE ICL7600CPD 0/+70°C $ 6.50 
MODULAR OP AMPs. CAZ AMP 
The CAZ AMP does it better. For less. In fact, INSTRUMENT AMPs _ Temp Range _100 Pc Price 
the ICL7600 CAZ AMP operational amplifier is a ICL7605MDN —55/+125°C $45.00 
perfect substitute for those other precision low drift ICL7605IJN —25/+85°C $22.50 
Op. Amps. With excellent DC stability character- ICL7605CPN 0/+70°C $15.00 
istics that enable you to amplify very low level 
signals... with negligible effects versus time and TEST ONE. FREE. 
temperature. Allon a single chip. At one third If our CAZ AMPs sound almost too good to be 
the cost of those other precision Op Amps. true, test the ICL.7600 yourself. Free. Just complete 
the coupon below, attach it to your company letter- 
HELLO INEXPENSIVE head and return it to us. Once you ve tested it, we 
INSTRUMENTATION AMPLIFIERS. think you’1l want it. In quantity. Because it’s dyna- 
If you're using Op Amps in instrumentation mite. And that’s not just advertising hyperbole. 
applications because you couldn’t afford instrument More information? Call your Intersil Sales Office 
amplifiers, the ICL7605 CAZ AMP instrumen- or Franchised Distributor. 
Bee eoplificr i is good news. It’s a precision low INTERSIL SALES OFFICES: 
lev lifier that can extract small signals in the = Car TFORNIA: Sunnyvale (408) 744-0618, Long Beach 
sresenc of high | common mode voltages: (213) 436-9261 « COLORADO: Aurora (303) 750-7004 ° 
Rail- to- -Rail. common mode range with 100 db FLORIDA: Fort Lauderdale (305) 772-4122 « ILLINOIS: 


Hinsdale (312) 986-5303 e MASSACHUSETTS: Lexington 

pene mode rejection. In fact, it’s the best low _ (617) 861-6220 * MINNESOTA: Minneapolis (612) 925-1844 « 
rift instrument amplifier money couldn’t buy... NEW JERSEY: Englewood Cliffs (201) 567-5585 * OHIO: 

Until now. And, it only costs $15. 00 i in lots of 100. Dayton (513) 866-7328 * TEXAS: Dallas (214) 387-0539 « 


CANADA: Brampton, Ontario (416) 457-1014 
IF THAT’S NOT ENOUGH DYNAMITE * : 
TO GET YOUR ATTENTION, CHECK THE INTERSIL FRANCHISED DISTRIBUTORS: 


Advent/Indiana e Alliance Electronics ¢ Arrow Electronics 
COMP. ARISON BELOW. Bell Industries/Century Electronic Division * CESCO 
Component Specialties Inc. * Components Plus ¢ Diplomat 
Electronics Inc., (FLA) ¢ Diplomat Electronics Inc., (NJ) ¢ 


Elmar Electronics * Harvey Federal Electronics * Intermark 
Electronics * Kierulff Electronics * LCOMP « Liberty 


10mV 


# 2QV $A L868 S$ 2.225 Electronics ¢ R.A.E. Ind. Elect. Ltd. * RESCO/Raleigh ¢ 
= Imv eer Schweber Electronics * Sheridan Associates * Summit 

Su 
rz <6 JRE AUIE NT oe rue ae Distributors Inc. * Zentronics Ltd. 
2 500nV 
IRR ee ih ef i A Ee a a A, EN SR DS ES Se a Se ee eS ee ee ee 
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IINTNEIRS IL 


Analog Products — Data Acquisition 

10710 No. Tantau Ave., Cupertino, CA 95014 
Tel: (408) 996-5000 TWX: 910-338-0171 
(800) 538-7930 (Outside California) 


Gentlemen, 


_____ [Id like to test the CAZ AMP Operational Ampliaes (ICL7600)* 
My application is 
_____ Please send me product information. EDN22079 
_____ Please include your Henrik Ibsen poster. rae 


15uV aes Inverting Chopper Module 


14.5uV 


o°c 10°C 20°C 30°C 40°C | 50°C 
TEMPERATURE DEVIATION FROM +25°C 
*Error contribution from V,,, V,, drift and p-to-p noise (0.1Hz to 10Hz, R,=509). 


A BROAD SPECTRUM OF APPLICATIONS. 
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You can use these CAZ AMPs as the front end : 
of virtually any A/D converter in the demanding ; 
situations that surround medical, industrial or i 
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instrumentation applications. Accurately. In fact, 


super accurately. CAZ AMPs are the perfect answer Name 

to amplifying very small signals in applications Company 

such as digital voltmeters, thermocouples, strain Address 

gauge bridges, current shunts...you name it. i State el ee 
Country 


*For a free sample, attach this coupon to your company letterhead. 
Sample offer valid for the first 1000 industry requests received within 60 
days of publication. One per person. 


uComputerist Corner 


8080 coding speeds reading of 12 bits 


Jim Handy 
National Semiconductor, Santa Clara, CA 


In an earlier »Computerist Corner (EDN, Sept 
0, 1978, pg 70), D W Taylor describes an 
excellent way for an 8080 to read data from a 
12-bit A/D converter. As given, the operation 
increases input speed while significantly de- 
creasing program length. But you can speed up 
Taylor’s circuit with moré powerful com- 
mands, thereby decreasing program length 
still further: 

The trick hes in mapping the A/D address 
into memory space. This method allows you to 
use any memory-referencing instruction to 
address the A/D converter. These more power- 
ful instructions include moves, loads and even 
pops (which are useful in interrogating many 
converters). True, address decoding requires 
more packages, because you’re now examining 
16 bits instead of eight, but the savings in 
software make up for both the added hardware 
and the 2-byte space used to service the 
converter. The increased versatility in 
memory-mapped I/O afforded by new ad- 
dressing modes outweighs most disadvantages. 

The number of software bytes used and the 
length of read times can be found by compar- 
ing routine lengths. For I/O-mapped read 
operations, you need to: 


ADIN: IN. ADDRI1 
MOV C,A ;sLOW-ORDER 
. BYTE. L£O-C 
IN ADDR2 
MOV B,A sHIGH-ORDER 
sore Tee. 


Counting the number of bytes needed to 
store these instructions and the number of 
cycles used to execute them reveals that this 
read operation utilizes six bytes of program 
and 30 clock cycles. 

With memory mapping, there are several 
ways to streamline the program. If the HL 
register pair already points to the converter’s 
low-order byte, then 

ADIN: MOV C,M ;READ LOW-ORDER 
sSBYTE 


56 


(3)8T97s ADDR, ADDR? 


a> =e 
a O(LSB) 8 
| Be 


Vee we 
ei) : 
2 » 


11 (MSB) 
a 
S LOW 


LOW 


LOW 


DATA 
INVALID 


(0 Re ADDR, 


ie 
@ 


0 R ® ADDR 


NOTE: UNUSED INPUTS OF 740107 
MUST BE TIED-TO Veg OR GND 


With software changes, this circut lets you read a 12-bit ADC 
output with an 8-bit nC. 


INX H ;SMOVE ADDRESS 
;POINTER 

MOV B,M ;READ HIGH-ORDER 
sBYTE 


uses 15 cycles and only three bytes. Unfortu- 
nately, this second routine ties up the HL 
registers as well as the BC registers. 


eee 
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Get “Off the Shelf” 


National can ship — now — its TP3000 
Codec in high quantities with high qual- 
ity. Now in volume production, our 
TP3000 is the only single-channel Codec 
system that has already been tested exten- 
sively in the field. And it meets or sur- 
passes all U.S. and CCITT specifications. 


A Remarkable New 
Transconductance Amplifier 


Our new LM13600 is due to be one of the 
THE most versatile building blocks 
available. This dual operational trans- 
conductance amplifier is invaluable for 
use as a voltage-controlled amplifier, 
filter, resistor, log amplifier, and endless 
other applications. It significantly 
reduces distortion yet allows higher input 
levels, and gives a superior signal-to-noise 
ratio. 


The LM13600 consists of two current- 
controlled transconductance amplifiers, 
each with differential inputs and a push- 
pull output. The two amplifiers share 
common supplies but otherwise operate 


The /LITIES 


Who’s Got ’Em? National! 


The ‘‘ilities’’ in the MOS memory 
business are availab//ity and reliability. 
With our new Salt Lake facility com- 
pleted, National now has the manufactur- 
ing capability to ship well over one million 
static RAM memory units per month. 
And with our microprocessor-controlled 
equipment, we can guarantee qualility 


This system is designed with tried-and- 
true, low-cost, high-performing CMOS 
and BI-FET'™ processes. It contains all 
the necessary elements for the complete 
system: both input and output sample and 
hold, comparator, stable voltage refer- 
ence, non-linear D/A converter, suc- 
cessive approximation logic, control 
logic, and digital input and output PCM 
buffers. It also includes a special auto- 
zero circuit which insures an extremely 
low idle channel noise and low crosstalk 
enhancement. 


Powered by only two standard voltage 
sources, our TP3000 has a power-down 
mode that can save your customers 400% 
in operating expense. 


Our TP3000 Codec is designed for the 
lowest cost-per-line or per-channel digital 
coding and decoding of analog signals in 
the voice frequency band. It’s tested. It’s 
good. And it’s available NOW. ZA 


independently. The linearizing diodes at 
the input result in improved signal han- 
dling capability while the emitter 
followers at the output provide a low 
impedance buffer. 


The supply voltage has a wide range — 
from +2V to +22V — with excellent 
transconductance linearity which is 
adjustable over six decades. 


If you are looking for low distortion, if 
you need to mix signals, or if you are 
building voltage controlled oscillators or 
filters (or voltage controlled anything), 
check our new LM13600. me 


a a a nn 


Best of all is the volume availability, 
especially of the following static RAMS: 


MM2102A/MM2102AL 16pin 1Kx1 
MM2114/MM2114L 18pin 1Kx4 
MM5257/MMS257L 18pin 4Kx1 


For the ‘‘ilities,’’ contact your NSC 
person. For the rest of your MOS 


For Design 
Engineers and 
Technicians 


National Semiconductor is now offering 
three-hour technical seminars on inter- 
face components and applications. 
Special emphasis is placed on line driver/ 
receiver fundamentals, safe operating 
range for peripheral drivers, and a new 
LSI circuit for CRT controllers. 


For details on our Interface Seminars, 
which will be held in many major cities 
across the country, contact your NSC 
Sales Office. ZA 


It Can Draw 
It Can Write 


The DP8350 CRT controller is the ‘‘cat’s 
pajamas’’ foreasy, flexible, cost-effective 
terminal design. As a one-chip solution to 
the essential control element of your 
monitor system, this device is equally 
effective in either graphic or alpha- 
numeric display. 


The display is accomplished through dot- 
by-dot mapping of the CRT video mem- 
ory with each dot directly addressable. 
The memory is organized into cells witha7 
x 10 dot matrix identical to the addressing 
field size of the DP8350. By using the line 
counter outputs to select one of ten 
memory chips (which are organized to be 
consistent with the 10 scan lines of a cell), 
the address outputs present discrete bytes 
of graphic dot data to the video shift 
register. This combined use of the address 
and line counter outputs gives you a full 
74K of address capacity available for com- 
plex designs. 


For details of designing graphics systems 
with our DP8350, get App Notes #198, 


and reliabi/ity in mass-produced quan- memories, too. ZA 199 as well as the data sheet. Then get our 
tities. DP8350 CRT Controller. ZA 
A Review of New Products and Literature from National Semiconductor A 
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Hey, Television 
Designer 


The vertical and horizontal won’t bother 
you any more when you use our new 
LM1880 TV Synchronization System. 
This new I’L circuit eliminates frequency 
set-up in both horizontal and vertical pro- 
cessing so you eliminate frequency trim- 
ming during production and throughout 
the life of the receiver. And the TV viewers 
can now stop fiddling with the buttons as 
no vertical/horizontal adjustments are 
needed for life. 


In addition, the LM1880 uses a low-cost 
ceramic resonator as a reference fre- 
quency to ensure high stability and 
accuracy during temperature change and 
aging. An on-chip regulator is provided 
for even greater stability and high power 
supply rejection ratio. 


Get synchronized with our new LM1880 
TV Synchronization System, available 
now at $4.00 in 100-piece quantities. @Z@ 


1+1=1 


By packaging together two independent 
building-block circuits, one op amp and 
one comparator, National has come up 
with a single low-power device with 
endless applications. The new LM192/ 
292/392/2924 series combine on one 
monolithic chip an op amp circuit iden- 
tical to the low-power, high-gain circuit 
used in the LM324, and acomparator cir- 
cuit identical to that of the LM339. 


Both of these segments are designed to 
operate from either a single or dual power 
supply with low supply current drain, and 
are even suitable for battery operation. In 
addition, the circuits feature internal 
compensation, large DC voltage gain (100 
dB), low input current, low bias current, 
low offset voltage, and for the com- 
parator, low output saturation voltage 
and interfacing with TTL or CMOS logic. 


Applications are universal. Wherever you 
need one circuit for signal processing and 
one circuit for decision making, you can 
use the LM192 series. Because of the low 
power requirements, they are especially 
good for portable communications, data 
gathering and medical equipment. 


D8 


If You Don’t Know 
EVERYTHING 


You can know WHERE to find the 
answers. For analog devices the answers 
to all your problems are in National’s 
analog reference books. 


In 1148 pages, our Linear Databook 
covers National’s broad line of linear 
devices and includes industry cross 
references, selection guides, package 
information, and extended quality and 
reliability information. 


This is supplemented by the Data A cquisi- 
tion Databook and Voltage Regulator 
Handbook with another kilo-pages of 
superb design information. 


The new Linear Application Handbook 
combines the two previous linear applica- 


More POWER, 
More Control 


We’ve come up with a new power op amp 
that offers up to 25 times the output 
current of other op amps yet can be pro- 
grammed with only one external resistor. 
In this way you can get powerful yet 
individualized performance for your 
specific application — be it a servo 
amplifier, lamp driver, high input impe- 
dance audioamplifier, DC-DC converter, 
motor speed control, or whatever. 


Our LM13080 Programmable Power Op 
Amp is capable of sourcing or sinking up 
to 250 mA at the output, far above the 
normal range of 5SmA to 10 mA. Yet the 
device will operate from as little as 3 volts 
and can be powered from either single or 
dual supplies. 


An additional feature of the LM13080 is 
its electronic shut-down capability that 
allows it to “*float’’ in the ‘‘off’’ mode. 


So, for high load current and controlled 
performance, plug in our LM13080. It 
costs only $0.87 in 100-piece quantity and 
is available from stock. ZA 


tion books, and more, for mega man- 
hours of useful, cost-saving analog 
applications. 


Everything you want to know can be 
yours. So call your local office. 


* * * * * * * * * 


COMING SOON — a new Special 
Function Databook. 


Your library won’t be complete without 
the new Special Function Databook 
because it alone describes specifications 
of our expanding line of special function 
devices. With over 400 pages, it covers all 
our hybrids (AH, DH, LH, MH) and 
numerous other special function devices. 
Watch for it! 2) 


How an Advanced 
D/A Card 
Memorizes Control 
Instructions 

and Unburdens the 
Host Processor 


If you know how to add memory to your 
mini or microprocessor, then you know 
how to add our new data acquisition 
system. To the processor, our ADS1216- 
HC D/A system looks just like memory. 


But it’s more. We’ve put all the controls, 

timing and interface right on the card, 

along with enough memory to keep con- 
verting 16 analog channels, continuously 
and asynchronously, while the processor 
is doing its thing. When needed, the datais 
available from memory fast — in less than 
220ns access time. 


In addition, a programmable amplifier 
with a 0.05% max error has a gain- 
program memory to keep track of which 
gain belongs to which channel. And every 
channel gets updated automatically every 
2ms. All of this is built right onto our new 
ADS1216HC card. 


Before you go any further, check out this 
new data acquisition system. You’ll also 
find it can interface with all popular 
microprocessors (including the 80/10, 
6800, PACE and SC/MP) by simple pin- 
strap connections. 


They are available from stock. ZA 


ON ITS WAY—Automotive Product Guide 


With the best mileage for the money, 
National’s new 72-page Automotive Pro- 
duct Guide begs to be used. It groups, by 
application, the exact components you 


tions — engine management systems, 
entertainment features, instrumentation, 
and safety, comfort and convenience 
devices. It should be off the press by late 


They are available from stock. ZA need to design for automotive applica- January. 2) 
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Applications 
Corner 


Our DP8350 CRT Controller is a versatile 
building block for both low- and high-end 
CRT terminal applications. The diagrams 
below show this device used for graphics ap- 
plications. 


VIDEO CHARACTER CELL 
CELL DOT WIDTH 


< CELL > 
WIDTH 


e 
E 
# OF : THE DP8352 
SCAN LINES HAS 
PER H 7X10 = 70 DOT 
CHARACTER PER CHARACTER 
CELL i CELL 
G 
H 
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Figure 1: The DP8350 character cell is 7 dots 
wide and 10 dots high. 


Figure | depicts the DP8350 character cell, 
with its unique, individual CRT memory ad- 
dress and its programmed potential of 7 x 10 
or 70 dots. In a typical alphanumeric ap- 
plication, two columns and three rows of 
these dots are blanked, allowing character- 
to-character and row-to-row spacing. Thus 
the character is a 5 x 7 dot matrix ina7x 10 
dot field. It is the character generator, not 
the DP8350 CRT Controller, that limits use 
—_ of all dots in the character cell. 


Figure 2 is a block diagram of a character 
generator graphics system. The character 
generator block contains a ROM program- 
med with graphic symbols to fit the 
character cell size. In this case, however, 
each of the 70 dots may have active video 
data. Continuity is provided by combining 
cells horizontally and vertically. If the ROM 
is programmed so that the full cell size is not 
entirely used, graphics as well as 
alphanumerics may be displayed on the 
CRT. 


Character generator graphics is the simplest, 
most cost-effective approach to CRT 
graphics as it requires a minimum of system 
software and hardware development. The 
DP8350 CRT Controller provides all the re- 
quired timing and control pulses for the 
CRT memory, character generator and 
CRT monitor. 


This system provides character cell symbol 
control only. If individual dot control is re- 
quired for a high-resolution graphics 
display, Memory Mapped Graphics may be 
used. In the latter case, every dot of the CRT 
display is mapped toa specific CRT memory 
data bit. Obviously, this is more costly as 
more CRT memory is required and the 
microprocessor overhead is greater. In any 
case, the DP8350 easily adapts to such a 


In Memory Mapped Graphics, each 
character cell is subdivided so that each scan 
line of the cell may be independently ad- 
dressed. (See Figure 3.) The CRT memory 
block then provides 8 bits of direct video 
data, rather than 8 bits of data defining a 
character cell code to the character 
generator. The CRT memory block serves 
double duty: CRT memory storage and 
symbol or character generator. All the user 
has to dois convert this parallel video data to 
serial video data as before. 


With the DP8350internal ROM format pro- 


DATA BUS 


CRT 
MEMORY 


MOPNDMAZ— BEMAVK<HW BDOWHYMOOVDVOBDO—-=Z 


ADDRESS BUS 


DOT FREQUENCY 
RYSTAL 


gram, each cell is 7 dots wide so only 7 bits of 
video data are needed per character 
cell/scan line address. The DP8350 ad- 
dresses the memory block with the character 
cell address as before, but also adds in the 
scan line address. In this manner, the 
DP8350 series has a maximum address 
capability of 16 bits (64K). 


Additional information about graphics and 
the DP8350 may be obtained from Applica- 
tion Note AN212, ‘‘Graphics Using the 
DP8350 Series of CRT Controllers.”’ ZA 


CHARACTER 
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REGISTER 
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Figure 2: Character Generator Graphics 


DATA BUS 


# OF 
SCAN LINES 


MOPNBMAZ— BZMaAwV<K<HW BWDOHWVHMOOVDVOWO-=z 


PARALLEL 
TO SERIAL 


REGISTER 


HORIZONTAL 
SYNC 


mMmOYPnyMAaAzZ— wWOH-ZOZ ADO 


CRYSTAL 


Figure 3: Dot by Dot (Memory Mapped) Graphics 


Telephony Calling 


If you’ve been ‘‘on hold”’ for ages waiting 
for the answer to your telephone relay 
driver needs, you can connect right now. 
National’s new DS3680 Quad Relay 
Driver, which operates from a standard 
— 52 volt battery, provides a high stand- 
off voltage between any pins of at least 70 
volts, as wellas built-in induction fly-back 
protection. 


In addition, the DS3680 uses practically 
no power in standby mode — typically 


requires a low input current of only 10 
microamperes (typical). All of the four 
drivers in the device can be operated 
simultaneously without concern for 
overall package power dissipation, and 
each driver can drive a load of up to S50 
mA. A +20V input common mode range 
provides excellent level shifting interface 
and noise immunity. 


Easily installed manually or by automatic 
machine insertion, the DS3680 gives you 
and your customer higher efficiency at a 
lower cost with this silicon solution to 


system also. only 50 microwatts per driver — and telephone equipment needs. 
A Review of New Products and Literature from National Semiconductor 6 
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Ever Try to Tie a 
Display toa 
Microprocessor? 


It’s not easy, is it! Well, that’s what we 
thought, so we designed a 6-digit Hexi 
decimal Display Controller — the 
MM74C917. 


This display controller is easy to use. In 
fact, to the microprocessor, it looks just 
like a RAM. No more programming the 
microprocessor to decode BCD to seven 
segments — this little dude does it all by 
itself. Just tell it what you want displayed 
and our MM74C917 takes care of all the 
housekeeping. 


The output is 0 through 9 and A through F 
plus decimal point. With 100 mA typical 
drive current, it is capable of driving the 
segments all by itself. 


The price of our MM74C917 Display Con- 
troller? Just $5.20 in 100-piece quantities. 
And delivery is ‘‘off the shelf.’’ ZA 


“#2 TIA TANT, S 


EASY 
READING 


Our new NSA1588A 8-digit LED Array 
replaces more expensive digits yet can be 
read from a greater distance with greater 
ease. End stackable with low drive current 
and direct drive from MOS, it forms 
0.140-inch-high characters in 8, 16 or 24 
digit arrays which can be viewed from a 
wide angle. 


Each digit of this GaAsP LED numeric 
display comprises seven segments with a 
right hand decimal point. Eight inputs are 
provided for selection of the appropriate 
segments, and eight inputs for digit 
(cathodes) selection. 


HHT 3-09 < 


If your products include hand-held ter- 


minals, data processing units, industrial 
controls, test instrumentation, telephone 
dialers, or use any 8-digit numeric 
displays, they will ‘‘look better’’ with the 
NSA1I588A. ZA 
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VIP CARD 


Complete Card and Mail to 
National Semiconductor 
Attn: Marketing Services 

2900 Semiconductor Drive 
Santa Clara, CA 95051 


NATIONAL DOES IT BETTER 


Please send me ea Recents that I have checked 


LJ ADS1216HC Data Acquisition System, 
Pg. B, Col. 3 

_] TP3000 Codec System Pg. A, Col. 1 

_] DP8350 CRT Controller Pg. A, Col. 3 

_] AN198 Simplify CRT Terminal Design 
with DP8350 Pg. A, Col. 3 

L] AN199 Low Component Count Terminal 
using DP8350 and INS8080 Pg. A, Col. 3 

LJ MM2102A/MM2102AL Static RAMS 
Pg. A, Col. 2 

CL) MM2114.MM2114L Static RAMS Pg. A, 
Col. 2 


Your End Product or Application 


Have Salesman Call (] YES 


CL] MM74C917 Hexidecimal Display Con- 
troller Pg. D, Col. 1 

L] NSA1588A LED Array Pg. D, Col. 2 

LJ LM13080 Programmable Power Op Amp 
Pg. B, Col. 2 

L] LM192/292/392, LM2924 Low Power Op 
Amp/Voltage Comparator Pg. B, Col. 1 

L] LM13600/13600A/11600A Dual Opera- 
tional Transconductance Amplifiers 
Pe: A, Col. 2 

L} LM1880 Pg. B, Col. 1 


[| NO 


Please print clearly; this information will be used for our mailing list. 
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iter apirnat! 


National has just announced three new 
add-in memories for major minicom- 
puters that provide you with lots of extra 
features at less cost (naturally). All of © 
them can be substituted for ‘‘major 
brands’’ with no additional tools. 


Our new NS D/3, designed for the Data 
General Nova 3 computer, isa 256K-byte, 
single-board add-in memory. It is four 
times denser than the standard Nova 
boards, so less power is used. 


‘However, the main claim to fame by the 


NS D/3 is its ability to correct, by itself, 
any single-bit soft error, and to identify 
any double-bit error. And it virtually 
eliminates system downtime from cata- 
strophic memory chip failure. The cost 
ranges from $3,515 to $11,025, depending 
upon capacity and options. 


Next up, our NS11/2P is a double-height, 
64-byte memory card which is compatible 
with the LSI-11, LSI-11/2 and PDP- 
11/03 microcomputers and can be 
operated with or in place of the MMVII-D 
or -E modules. It provides features nor- 
mally found only on larger ‘‘quad- 
height’’ cards, such as on-board parity 
generation and parity check circuits, 
battery back-up provisions and expanded 
address-space operation. This 32K x 18 bit 
dynamic NMOS RAM has a read-access 
time of 250 nanoseconds, write time of 130 
nsec per word or byte, and much more. 
It’s priced from $965-$1565. 


Our third powerful pinch-hitter is the new 
NS11/34Q, designed for the PDP-11/04 
and PDP-11/34 minicomputers. In one 
fast single-card memory, it provides a full 
256K bytes of add-in memory with read- 
access time of 300 nanoseconds. It incor- 
porates on-board parity generation and 
checking circuits to eliminate the need for 
a controller and improved bus access 
because extra read and write transfer 


NAME TITLE | anes 
cycles are eliminated. And again, the 
COMPANY single-card design allows you four extra 
ADDRESS slots for other peripheral controllers or 
, interface circuits. Itis priced from $2895 
CITY STATE ZIP to $7995. ZA 
D A Review of New Products and Literature from National Semiconductor 
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When the talk turns to 
Q.P.L. relays, one manufac- 
turer comes first. First in — 
experience. First in proven 


reliability. And first with the 


broadest and most accessible 


line of military relays on the 
market today. | 

_ Hi-G’s Relay Division has 
been designing and manufac 
turing military relays for 
almost three decades. 

But being first doesn’t 

stop there. Our research and 


development teams keep 

on working to build better 
relays. Relays capable of 
handling higher voltages and 
lower signal levels, while meet- 
ing the latest in established 
reliability specifications. 

We work to keep you first, 
too. By offering you the larg- 
est number of Q.P.L. items 
available. By teaming up with 
distributors to put our line 
where you can reach it fast. 
So before you look anywhere 


else for Q.P.L. relays, let’s 
talk first. (203) 623-2481. 
Relay Division 

Hi-G Co., Inc. 

580 Spring Street 

Windsor Locks, CT 06096. 


Let's talk relays. 


‘ 


For more information, Circle No 37 
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uComputerist Corner 


Another method uses the HL register pair 
for data in lieu of the BC registers. In this 
case, the simple instruction 

ADIN: LHLD ADDRI1 ;READ A/D DATA 
reads the converter, again in three bytes, but 
takes only 16 cycles to complete the read. This 
method uses 50% less memory space than the 


original scheme and executes 47% faster. 

Be cautious when using this method, howev- 
er. These programs load data from two adja- 
cent memory locations, low-order byte first. 
Therefore, the two addresses in the figure— 
ADDR, and ADDR,—must have this relation- 


ship: ADDR,=ADDR,+ 1. EDN 


SDK-85 routine displays full alphabet 


Robert R Speers 
Bowling Green State Univ, Huron, OH 


Most 8-bit, 1-board »C demonstrators or train- 
ers provide a 6-digit, 7-segment display (plus 
decimal points), which furnishes a cost- 
effective means for I/O and debugging from a 
keyboard. But these 7-segment displays can 
also be used to show a full alphabet of mostly 
upper-case letters plus some lower-case char- 
acters and punctuation marks. The required 
program (Fig 1) outputs a rotating alphanu- 
meric message on an SDK-85’s display. Fig 2 


212620 BEGIN LXI 4H, MESSAGE BEGINNING Defines the location of 
the message code, 

2003 0E90 LOOP2 MVI CG 90 Formats the display con- 
trol to the left-most 
position. 

2005 79 MOV A, C 

2006 320019 LOOP3 STA 1900 Store location of the 
display control. 

2009 7E MOV A, M Set the code of the 
character to be displayed. 

200A A7 ANA A Check for 00 code. 

200B CA0020 Je BEGIN Recirculate message on 00. 

200E 320018 STA 1800 Display the character for 

: a non-00 code. 

2011 23 INX H Next character. 

2012 oc INR C Increment display position. 

2013 79 MOV A, C 

2014 FE96 CPL 96 Test for 7th display 

‘ position. 

2016 C20620 JNZ  LOOP3 If not at 7th position, 
display character. 

2019 11FFFF LXI D, FFFF If all 6 positions are 
specified, wait for 
period FFFF 

201C CDF105 CALL DELAY 

201F 11FBFF LXI D, FFFB 

2022 19 DAD OD Subtract 5 from character 
code location indes. 

2023 C30320 JMP LOOP2 Return to message output 
routine with message off- 
set by one position to 
the right. 

2026 FF MESSAGE BEGINNING 

2027 FFFFFFFFFF Leading blanks. 

202C XX Substitute message-code 
characters from Fig 2. 

pes FFFFFFFFFF Trailing blanks. 

ZZ 00 The 00 code causes 


recirculation of the 
message through the 
display. 
Fig 1—This SDK-85 program runs a rotating-message-board 
(Times Square-type) display through the board's LEDs. The 
message Starts at 2026 and uses the character codes in Fig 2. 
Five leading and trailing blanks ensure display readability. 
ESE SADT NL ERE LED O EL LIEN ILE ITE BITE LEI EEE NS OSI A ES RE RANE POE EEC ES 
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Fig 2—These character codes and the resulting characters 
furnish a complete alphabet. 
SS EASE Ss EB ES EE IES BEES NL Se EE 


shows the character shapes and the associated 
codes. 

Although some alphanumeric characters dif- 
fer from their usual configurations, you can 
easily identify most of them. However, because 
of the absence of diagonal segments, a few 
letters—K, M, Q, W, X and Z—require artificial 
forms. Ms and Ws also require a double-width 
presentation. But with only a little practice, 
you'll be able to recognize all of the letters. EDN 
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Let’ talk 


good — 


connections. 


Cambridge fastfit™ co-axial 
connectors are the easiest 

way to make all the good 
connections you need. On the 
- production line, just crimp 
the braid. In the field, simply 
trim it with a knife. You get 

a high integrity termination 
every time. 

Fast and fool-proof. That’s 
the fastfit approach. Because 
fastfit connectors have the 
same electrical and mechan- 
ical characteristics as Q.P.L. 
39012 military types. They 
have fewer parts, for easier 


installation. And are com- 
petitively priced. — 

Let us know what you 
need. The Cambridge line of 
fastfit connectors includes 
more than fifty sizes and types. 
If you need custom designed 
connectors to fit your special 
application, we have the design 
expertise and the production 
capability to give you the 
benefits of the fastfit approach. 
Fast. Reliable. Cost-effective. 

Whatever your communica- 
tions application, Cambridge 
has all the good connections 


you need. So let’s talk. 

(203) 243-1761. 

Cambridge Products Corp. 
Division of Hi-G, Inc. 

244 Woodland Avenue 
Bloomfield, CT 06002. 


Let’s talk connectors. 


For more information, Circle No 38 
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MINI/ BUS’ 


Printed Circuit Board Bus Bars 
Obsolete most Multi-Layer Boards 


MINI/BUS PCB bus bars are the cost-lowering 
alternative to adding layers to printed circuit 
boards. 


Move power distribution off the board with 
MINI/BUS PCB bus bars. That means higher 
packaging density and more room for signal 
interconnections. 

LOW-COST MINI/BUS 

PCB BUS BARS ALSO AFFORD: 

Greater latitude in board layout. 

Low impedance, low inductance power 
distribution network. 

Lower capacitor count through inherent 
distributed capacitance. 

Noise Reduction. (Write for application 
notes.) 

MINI/BUS PCB bus bars are reliable! 


Prototype kits are in stock; dozens of standard 
MINI/BUS PCB bus bar configurations are in 
stock — for mounting either vertically on the 
board or horizontally under DIPs. 


You can’t go wrong with MINI/BUS PCB bus 
bars. For fast action, call MINI/BUS PCB bus 
bar Product Specialist at (602) 963-4584. 


Rogers Corporation 
Chandler, AZ 85224 
(602) 963-4584 


EUROPE: Mektron NV, Gent, Belgium 
JAPAN: Nippon Mektron, Tokyo 


For information only Circle No 39 
For immediate need Circle No 40 
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EDN Software Note *24 


Shorten EDN’s 8086 
I/O routines 


Jack Hemenway 
Associate Editor 


When you start out using a new chip, initial 
assumptions about it can lead you astray. In 
the writing of 8086 I/O routines (EDN, Jan 20, 
pg 81), an incorrect assumption (that I/O on an 
SDK-86 board occupies memory space) led to 
the inclusion of some unnecessary code. 

You do not need to load the 8086’s ES 
register or use segment override to output the 
contents of the up P’s accumulator to the output 
ports. Because the I/O ports on the SDK-86 
board don’t reside in memory space, the output 
instruction (EE,,) sends the data to the ad- 
dress in the DX register; the data always goes 
to I/O. Thus, outputting a byte to parallel port 
P1A requires only the code shown in a of the 
figure; the routine in b shows how to input a 
byte from P1A. Note, though, that in memory- 
mapped I/O configurations, the original rou- 
tines or ones like them are needed to correctly 
perform the desired tasks. EDN 


(a) 


; OUTPUT A BYTE TO P1A 


; POINT DX REGISTER TO DATA PORT 


; OUTPUT CONTENTS OF AL TO DATA PORT 


(b) 
; INPUT A BYTE FROM P1A 
; BYTE RETURNED IN AL 


; POINT DX REGISTER TO DATA PORT 


in nonmemory-mapped configurations, you can shorten 
EDN’s 8086 input (a) and output (b) routines to two instruc- 
tions each. 
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Magnetec manufactures 
potential. Potential to solve 
your most frustrating actu- 
ating problems. With custom- 
designed linear actuators. 
Highly sophisticated sole- 
noids. Some smaller in diame- 
ter than a pencil, yet able 

to exert up to 12 Ibs. of force. 
Others capable of being ener- 
gized up to 1,400 times per 
second. 

Custom-made solenoids for 
the new instant cameras using 
sonar technology for auto- 
matic focusing. Solenoids 


; ential 


for the diesel fuel pump on 
new Oldsmobiles. For dot 
matrix printing. Adaptive 
(anti-skid) braking. Data 
communications. 

More than 8,000,000 sole- 
noids a year are manufactured 
to the highest quality stand- 
ards. Offered at thoroughly 
competitive prices. 

Custom-made actuating 
potential. Limited only by 
your design imagination. 
Whatever the actual duty 
cycle. Whatever the force 
and stroke requirements. 


Whatever the preferred 
voltages. Turn to Magnetec. 
for the actuating potential. 
Let’s talk. (203) 243-8941. 
Magnetec Corp. 

Division of Hi-G, Inc. 

96 Granby Street 
Bloomfield, CT 06002. 


Let’s talk solenoids. 


For more information, Circle No 41 


...and get detailed inf 
on an expanded line of 
dual, and triple outp 
‘supplies including: | 


(both PC-mount 
purpose modular 
outputs to 200 
ratings to 32A. Narrov 
supplies only 

supplies. fh 


column pin-feed printers. Some units are designed 

for use on the switched network, others for point- 

to-point private-line systems. (There’s also a new 

—— of 5-level buffered teleprinters for 
elex applications.) 

The basic model 43 series operates 
on-line at 10 or 30 cps in either the half- or 
full-duplex mode and prints multiple copies using 
the 96 character ASCII code set. A wide choice 


of interfaces, including EIA RS232C and DC 20- | 


60ma, are available for easy system integration. 
. _ With the automatic send-receive con- _ 
figuration, messages can be prepared off-line via 


the paper tape punch, edited, combined with pp 
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a master tape, then sent at maximum terminal 
speed —automatically and unattended— when line 
rates are lowest. | 

Buffered 43’s operate on-line at speeds 
ranging from 10 to 180 cps and provide up to 
20,000 characters of storage for sending, receiving 
and editing. These terminals send and receive 
automatically via the buffer while messages are 
simultaneously being prepared for future trans- 
mission. They also include full forms control, 

8 —" answer capability and answer 
ack . 

Just like its predecessor, the legendary 
model 33, our model 43 family is designed for 
extreme reliability. The reason is simple: 
simplicity. Our model 43’s use only five major 
pluggable components (six, counting the paper 
tape module on the ASR), along with extensive 
use of LSI circuitry. 

So when you think of our model 43 family, 
think of it as the beginning of a new legend. 


THE TELETYPE MODEL 43 FAMILY. 


Teletype Corporation, 5555 Touhy Avenue, Dept. 3185, Skokie, IL 60076. Tel. (312) 982-2000. 
-* Teletype is a trademark and service mark of the Teletype Corporation. 
For more information, Circle No 43 
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Po Shar elo pee offer one alternative to impact typ es 


SPECIAL REPORT 


OEM printers 


As the information explosion increases users’ demands for hard 
copy, higher performance, lower cost printers emerge. 


Sam Davis, Manager, 
Western Editorial Office (South) 


As printer companies try to keep pace with the 
ever-decreasing cost of computing power, they 
are increasingly moving toward the utilization of 
lower cost hard-copy techniques. This thrust 
toward more cost-effective printing is fueled by 
rising computer use, which International Data 
Corp, Waltham, MA, predicts will increase 1977’s 
printer population 2.6 times by 1982. In that year, 
600,000 printers should be in operation. 

One of the major areas of computer-systems 
growth—distributed processing—will especially 
spur the use of lower speed, lower cost printers in 
the 1980s, says Dataproducts VP Irv Weiselman. 
The reason? This type of computer-system con- 
figuration replaces one expensive high-speed 
printer with multiple lower speed, lower cost 
units. 

A second key factor in the increasing use of 
lower cost printers is the emergence of new 
telecommunications links. These systems (pro- 
posed by AT&T, IBM and Xerox), as well as new 
satellite-based communications operations, will 
call for additional printers. “People will be 
communicating more than ever before and will 
need printers for that,” Weiselman observes. 

A third factor governing the low-cost-printer 
explosion is the growth of small business sys- 
tems. Industry estimates point to a potential of 
three million such systems in the 1980s, and 
those systems will require relatively low-cost, 
high-print-quality, moderate-speed printers. 

The profile of a typical printer buyer is also 
changing. Ted Webster, president of Datek, 
a Fitchburg, MA printer-technology consulting 
firm, says greater numbers of first-time users 
are now considering printers. “In the past 5 yrs, 
systems houses and minicomputer companies 
were the ones who designed printers into sys- 
tems. Now microcomputer usage will spur the 
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individual use of printers tremendously. Almost 
everyone who configures such a computer sys- 
tem will need a printer.” 

Because the OEM printers used in computer 
systems are available either as complete units, as 
bare-bones mechanisms or as partially integrat- 
ed subsystems, a knowledge of mechanisms, 
interfacing and drive circuits proves useful to 
potential printer users. We’ll cover all of these 
topics in this Special Report. 


Sorting out technologies 


First, a quick review of the basics. Printers are 
classified as impact or nonimpact types. The 
former use mechanical force to transfer charac- 
ter forms to paper, usually through use of an 
inked ribbon; the latter are quieter but cannot 


ath 


Shown here in its needie (impact dot-matrix) version, the 
printhead for Siemens’ PT-80 printer also comes in an ink-jet 
configuration. 
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New markets spur the need 
for low-cost OEM printers 


produce multiple copies in a single pass. 

An impact printer can employ either fully 
shaped characters or a matrix of dots to produce 
an impression. Shaped characters are formed 
when ribbon and paper are struck by a print 
hammer—an electromagnetic device activated 
by the required data commands; dot-matrix 
characters usually utilize a 5x7 or 7x9 format. 

Another way of classifying printers is by the 
method they use to generate character strings. A 
serial printer produces one character at atime by 
means of a head that moves either left, right or 
bidirectionally across the paper. With a line 
printer, on the other hand, all characters in a line 
are printed simultaneously; these devices are 
generally faster and more expensive than serial 
printers. In most printers, paper is advanced 
from line to line under control of a stepping or 
linear-rotation motor. 


Impact printers 


The oldest type of impact printer is the drum 
type, which produces fully shaped characters 
from their mirror images embossed on a drum. 
Upon actuation of a print hammer, the character 
image is transferred to paper via a ribbon. 
Throughput for a drum printer ranges from 10 
eps for a serial configuration to about 2000 lpm 
for a line unit. 

Although drum-printer use is diminishing in 
data-processing applications, these devices still 
find extensive usage in MICR (magnetic-ink code 
recognition) printing on checks, in ticket printing 
and in production of point-of-sale labels. The 


Converting the Teletype Model 40 line printer to a Dataproducts 
or Centronics parallel interface, Innovative Electronic Systems’ 
C/D-40 interface board provides compatibility without software or 
hardware changes. It contains a full line buffer, automatic 
motor-control turn-off, selectable parity and extended ASCIil, and 
a carriage return that can be ignored, or converted to line feed by 
a strap option. An 8085-based version of the Miami Lakes, FL 
company's board will be available this year; it will provide virtually 
all of the possible serial and parallel interfaces for the Model 40 
printer. 
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drum printer’s major advantage is its relatively 
long lifetime—15 to 20 yrs. A disadvantage is the 
difficulty of replacing the entire drum—a neces- 
sary action if you want to change type fonts and 
print a different character set. 

In a chain/train type of impact printer—which 
can achieve throughputs of more than 1000 
lpm—type slugs containing embossed character 
forms move on tracks past a bank of print 
hammers. Unlike drum designs, these printers 
move their character fonts horizontally. Thus, 
timing variations shift character spacing hori- 
zontally in a chain/train system but produce a 
noticeable vertical shift in a drum unit. Chain/ 
train printers are more flexible than drum units 
because their individual type slugs are easily 
replaced. But they require lubrication to mini- 
mize track wear; in contrast, drums rotate on 
bearings and thus exhibit virtually no corre- 
sponding wear problems. 


Band printers increase cost effectiveness 


Replacing both drum and chain/train printers 
in many applications, the band printer uses an 
endless-loop steel band containing several com- 
plete character sets. This motor-driven band 
moves laterally at a constant speed in front of 
print hammers; printing occurs when the unit, 
scanning stored data in synchronism with the 
moving band, actuates the appropriate print 
hammers at the proper time. Band printers 
output 75 to 2000 lpm and are manufactured by 
Centronics, Control Data, Data Printer, Dataprod- 
ucts and Documation, among others. 

Centronics product manager Frank Gianat- 
tasio views the band printer as a more cost- 
effective technology than either the drum or 
chain/train type. He says a band printer’s cost of 
ownership is considerably lower because this 


A linear voice-coil motor shifts the print-hammer bank five dots 
horizontally to generate dot-matrix characters in Hewlett- 
Packard's 2608A line printer. Each of the 132 tines in the bank is 
shifted, so a full line can contain 132 characters and be produced 
at 400 Ipm for 5x7 or 320 Ipm for 5x9 (upper- and lower-case) 
matrices. 
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printer type is more reliable, easier to service 
and less expensive. (A typical $5000, 300-lpm 
band printer costs about 20% less than a drum 
printer with comparable performance specs. A 
comparable chain/train type costs about 60% 
more than such a band unit.) Parts commonality 
is another plus. Centronics’ 75-lpm band printer 
uses about 85% of the same parts as the firm’s 
600-lpm unit; commonality between 300- and 
600-lpm units is about 95%. 

Further evidence of band printers’ growth in 
popularity is the B Series from Dataproducts. In 
these units, a cost reduction compared with 
equivalent 300- to 600-lpm drum units results 
from the utilization of a rare-earth permanent- 
magnet print hammer. Hammer drive current 
thereby decreases from 1.8 to 0.8A and allows the 
use of the ICs instead of discrete drive transis- 
tors. Power-supply requirements also decrease, 
and forced-air cooling is eliminated. Finally, the 
printers’ reduced size and weight allow use of a 
reinforced molded-plastic case instead of the 


Two daisy-wheel printheads produce 75 cps in Qume’s Twin- 
Track printer—a feature that allows simultaneous printing with 
two type fonts or two languages, in up to four colors. 


An integral crystal-controlled clock records rea! or elapsed time 
on a 4-digit hours/minutes printout in Digitec’s 6150, an 
18-column numeric printer. This drum impact unit also contains 
an integral event counter that produces a 3-digit sequential count 
ranging from 000 to 999. 
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more expensive machined-metal case of the older 
drum units. 

Dataproducts VP Bob Wallstrom discloses that 
the B Series printer incorporating rare-earth 
permanent-magnet hammers costs 65% less to 
manufacture, even though hammer cost has 
increased by 10%. As an additional benefit, use of 
the new material and other improvements have 
increased the time between required adjust- 
ments from 50 million to 500 million actuations. 

Another feature of the B Series band printers 
is built-in diagnostics, which continually monitor 
machine status. When an off-line condition oc- 
curs, a display indicates it and notes whether it is 
operator correctable. And a built-in self-test 
feature allows an operator to run the printer 
independently of host-system control. 

Such diagnostics are one of the beneficial side 
effects of the switch to uP control. Both the 
Dataproducts and Centronics band printers em- 
ploy uPs, and although the initial cost effective- 
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Serial- and parallel-interface versions characterize Centronics’ 
150-lpm 5x 8 dot-matrix electrosensitive Microprinter. The serial 
version has an RS-232C interface with parity selection, 50- to 
9600-baud operation and 192-character FIFO buffer. 


Accepting parallel TTL or serial ASCII, BCD or RS-232C input 
codes, the ». P-based controller for Sheldon-Sodeco’s PR Series 
printers provides signal conditioning, complete buffer storage, 
timing control, handshaking, character generation and solenoid 
control. The drum printer's characters are generated by combina- 
tions of line segments struck by print hammers. 


roe 
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Band printers improve performance 
through reliability, commonality 


debatable, once a microprocessor is used, diag- 
nostics are a relatively low-cost addition. And 
don’t forget that the use of a uP also permits the 
easy implementation of new system-interface 
features. 


Serial-impact units strive for quality 


The two most widely used serial impact-printer 
models continue to be the dot-matrix and full- 
character printwheel types. The former provide 
faster throughput, but the latter offer higher 
quality characters. 

Printwheel (or daisy-wheel) printers employ a 
metal or plastic wheel, whose spokes contain 
embossed characters at their tips. To print a 
character, the wheel is rotated to the desired 
character form and a print hammer is activated, 
pressing the wheel tip against the ribbon and 
paper. The leading suppliers of these printers are 
Qume and Diablo; speeds range between 30 and 


characters/min speed and typewriter-quality printout. Selective 
paper handling eliminates the need for special document- 
handling devices or manual intervention in paper feeding. 


ies 


55 eps for single-printhead units. NEC supplies a 
unit that uses a print cup—similar in operation to 
a daisy wheel. 

Microprocessors control carriage positioning 
and character selection in the Qume and Diablo 
units; they accept input data and determine the 
most efficient direction (clockwise or counter- 
clockwise) to move the printwheel in order to 
reach the appropriate character. When the »P 
confirms that the carriage, paper feed and ribbon 
are at rest (to avoid smearing and incorrect 
character placement), it fires the print hammer. 
The carriage and printwheel de servo motors 
each incorporate an encoder that supplies feed- 
back to control angular position and speed: Qume 
uses an optical encoder; Diablo’s is magnetic. 

In conventional dot-matrix impact printing, 
characters are formed by selectively activating 
combinations of vertical print wires, which hit a 
ribbon to produce dots on the paper as the 
printhead moves horizontally. The dot-matrix 
approach provides much greater flexibility than 
possible with a full-character printer, because it 
allows production of graphics and the easy 
addition of new character fonts via software. 


For cash-register and data-logging applications, Addmaster’s 
Model 60 drum printer uses two printheads to produce two 
separate printouts. Each printout contains 10 columns of data; 
printing speed equals 3 Ips. 
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But some 5x7 dot-matrix printers suffer from 
poor print quality caused by gaps between 
adjacent dots—a disadvantage accepted by some 
users as the price of low-cost printing. Some 
manufacturers, however, now use more sophisti- 
cated printing approaches, whereby dots are 
impacted closer together to provide better print 
quality. 

In one of these new higher resolution dot- 
matrix printers—the Sanders Technology Sys- 
tems Media 12/7—a 7-pin printhead is controlled 
by a pP, which regulates both horizontal dot 
placement and vertical dot positioning. Horizon- 
tal printhead passes, interlaced with vertical 
paper motion, place dots on the paper—an 
approach that allows great flexibility. Reducing 
the number of passes per printed line from four 
to two increases speed at the expense of print 
quality. Optimum printing speed is thus a func- 
tion of type size, desired quality and the speed of 
the printhead (12 ips). For example, the printing 
speed for a 4-pass, 12-pitch, typewriter-quality 
typeface is about 36 cps; a 1-pass, 18-pitch 
character set outputs at 216 eps. 

Printronix uses a different approach to obtain 
higher resolution printing in its 150-, 300- and 
600-lpm units. These printers employ a bank of 44 
print hammers mounted on 0.3-in. centers with a 
common permanent magnet; the applied magnet- 
ic field latches the hammers in a retracted 
position until they are individually released by a 
current pulse through a coil associated with each 
hammer. Under cam control, the entire hammer 
bank is shuttled horizontally so that each ham- 
mer shifts enough to cover the space between 
itself and the adjacent hammer. When a ham- 
mer’s coil experiences a continuous series: of 
pulses, the hammer is released at appropriate 
intervals, producing a series of overlapping dots. 


Nonimpact printers 


Nonimpact printers continue to grow in popu- 
larity, reflecting their inherently quieter opera- 
tion compared with impact types. Among the 
most popular approaches to nonimpac printing 
are: electrophotographic (xerographic), ink-jet, 
thermal, electrosensitive and electrostatic. 

A 1978 report from International Resource 
Development (IRD), New Canaan, CT, notes that 
‘despite the introduction of increasingly attrac- 
tive and quiet impact matrix printers from 
several manufacturers, nonimpact technologies 
are more than holding their own in most market 
sectors. Based upon factors such as reliability, 
high speed, silence, low cost and portability, 
nonimpact units have quite successfully compet- 
ed with impact printers in markets as diverse as 
computer-output printing, word-processing 
printing and interactive time-sharing.” 

To date, most very high-speed nonimpact print- 
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ers (laser-xerographic systems from IBM, Xerox 
and Siemens, for example) have also been very 
expensive—some cost well over $100,000. Such 
“super printers” primarily serve large data- 
processing systems, but several companies are 
now also applying electrophotographic tech- 
niques to lower cost, lower speed systems orient- 
ed toward OEM use. Price/performance goals for 
these units aim at a cost less than $20,000 for 
throughput of 1000 to 5000 lpm. The devices, 
termed intelligent copiers, should become availa- 
ble within the next 2 yrs. 

Although intended for use in the company’s 
word-processing systems, Wang Laboratories’ 
intelligent Image Printer seems to be a step in 
the direction of such lower cost, high-speed, 
high-print-quality nonimpact printers. It outputs 
18 pages/min with typewriter-like print quality 
and a resolution of 90,000 dots/in.”, and it costs 
$35,000. 

The unit’s printing function is initiated by a 
print request from the word-processor disc 
through a wP-based control unit, which assigns 
print commands and selects the font and type 
sizes specified by the operator. A character 
generator then converts the digitized informa- 
tion slated for printing into visual images, 
displayed one line at a time on a high-resolution, 
high-brightness CRT. As each full line is dis- 
played, it’s scanned, and the resulting lght 
pulses are transmitted by fiber optics to twin 
photoreceptors directly above the paper and 
hence to the paper itself. The paper is thus 
sensitized at each point where an image is 
required. A dry toner bonds to each of these 
points, creating the desired image; then brushes 
sweep the unused toner from the paper. This 
printer class has the advantage of using plain 
bond paper; most other nonimpact types require 
special paper. 


Ink-jet units print on demand 

Vying with electrophotographic units, ink-jet 
printers are now also becoming available for 
OEM applications. The first word-processing- 
oriented ink-jet unit was the IBM 6640, which 
uses a continuous-droplet (synchronous) ap- 
proach. In this device, uncharged ink pumped 
through a 0.001-in.-diameter nozzle passes 
through a charge electrode and breaks into 
droplets that are individually charged in re- 
sponse to data fed to that electrode. The droplets 
then pass through deflection plates and are 
deposited on paper; thus each character is 
formed drop by drop. Average throughput equals 
54 lpm for continuous printing over a 6-in. line. 

Another technique for ink-jet printing is 
Silonics’ drop-on-demand (asynchronous) system. 
Priced an order of magnitude less than synchro- 
nous systems, this $2500 unit achieves 180-cps 


73 


Dot-matrix units are flexible, 
but sacrifice print quality 


operation—120 lpm for an 80-character line. 

In operation, ink flow comes from seven inde- 
pendently controlled ink-ejection chambers, each 
of which consists of a piezoelectric transducer, 
ink-delivery channel and nozzle. Upon receiving 
dot-matrix-character commands, each transduc- 
er inwardly deforms a wall of the corresponding 
ink channel; the sudden slight reduction in 
channel volume causes ejection of an ink drop 
from the associated nozzle. A pressure regulator 
built into the printhead keeps the ink-delivery 
channels filled. Ink is thus ejected only as 
needed, in contrast with synchronous systems, 
which continuously emit droplets, then collect, 
clean and recirculate unused ink. Gould also 
offers a drop-on-demand ink-jet printer. 

Siliconics marketing manager Doug Vaughn 
explains that one of the major disadvantages of 
the synchronous ink-jet approach is start-up and 
shut-down problems, commonly termed “morn- 
ing sickness.” He claims the drop-on-demand 
approach allows a more cost-effective means of 
accomplishing printer start-up and shut-down. 
Synchronous units are also more subject to jet 
clogging, caused by recirculated ink. Another 
advantage of drop-on-demand printing is a less 
critical dependence on droplet size. (In a synchro- 
nous system, droplet deflection—hence droplet 
positioning—depends on droplet size.) 

The paper used with ink-jet systems must be 
an absorbing type, otherwise smearing occurs. 
Vaughn says the absorbing papers available 
show varying degrees of acceptability; one of the 
best is conventional Groundwood Teletype paper. 
A competitively priced whiter paper with im- 
proved resolution also finds use today. 


Printhead action critical in thermal units 

Thermal printing is one of the older nonimpact 
techniques; it uses printheads that apply heat to 
special paper to produce images on that paper. 
The heads can consist of arrays of either silicon 
mesas or resistive-film dots. 

The leading supplier of thermal printheads is 
Texas Instruments, which offers silicon-mesa 
types. The firm’s basic printhead consists of a 
matrix of electrically and thermally isolated 
heating elements; during printing, the mesas are 
selectively electroresistance-heated to a peak 
temperature of 200 to 260°C. 

TI product manager Marvin Morris says the 
silicon printhead’s hardness allows continuous 
contact between it and the paper; unlike 
resistive-film heads, it requires no lifting be- 
tween print cycles. TI can achieve 60-cps opera- 
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tion with its printheads, but Morris feels that 
speeds three to four times greater will eventually 
be possible through use of new materials technol- 
ogy and printing techniques. 

TI’s EPN5200A printhead provides a continu- 
ous dot line containing 200 elements, spread 
across a 2-in. length. Consisting of 20 silicon chips 
mounted on a ceramic substrate, it can print 
from up to 100 elements at one time. An SCR 
included with each of the dot elements on a chip 
controls that element; a 5.6 to 18V pulse with a 
100-nsec rise time turns on each element. SCR 
action keeps the element on until V,,. drops below 
1V. Reliability is rated at 10’ dot-line prints. 

In addition to printheads, TI will also offer 
complete thermal-printer assemblies this year. 
One such assembly, the EPN9112, can produce a 
12-character, 7-row x5-column alphanumeric ma- 
trix; the EPN9120 has a 20-character/line capa- 
bility with the same format. 

Representing one resistive-film-head ap- 
proach, Hewlett-Packard’s Model 9876A 80- 
column thermal graphics printer achieves 480- 
Ipm throughput by means of a fixed head 
assembly with one resistor for each dot 
position—560 in all across the printer’s 185-cm 
line. The $3500 unit prints one entire line of dots 
at the same time—effectively, it’s a thermal line 
printer. 


Electrosensitive units stress accurate control 


Competing with the thermal printer for appli- 
cations requiring small low-cost printers, electro- 
sensitive units print on a special paper composed 
of a conductive backing and a thin metallic 
coating deposited over a dark undersurface. 
When 30 to 45V is applied to a printhead’s 7-wire 
tungsten electrode as it passes over this paper, 
the metallic coating burns off and exposes the 
dark undersurface—producing the desired dots. 
Changing the voltage’s amplitude or duration 
varies the dot size. 

Electrosensitive printouts have long shelf life 
because they are unaffected by heat, sunlight or 
moisture—all of which can affect thermal paper. 


What is RS-232? 


You can obtain information on this specification 

from the Electronic Industries Association, Engi- 

neering Department, 2001 | St NW, Washington, 

DC 20006. Send $6.90 per document copy and | 
_ ask for EIA Standard RS-232: ‘Interface Be- 


tween Data Terminal Equipment and Data Com- 
munications Equipment Employing Serial Binary 


_ Data Interchange.’’ A companion document, 


‘Industrial Electronics Bulletin No 9— 
Application Notes for EIA Standard RS-232C,”’ 
costs $3.50. 
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And the electrosensitive technique allows accu- 
rate control of printed marks; small readable 
characters can be readily printed. (By contrast, 
impact units can’t print comparably small reada- 
ble characters because the ink in their ribbons 
diffuses when it contacts the paper.) One disad- 
vantage of the older type of electrosensitive 
paper—reflections from its shiny gray metallic 
surface—has been overcome with newer, whiter 
papers. 

Axiom VP Simon Harrison sees electrosensi- 
tive printers predominating among future low- 
cost units because of their higher speed, better 
print quality and use of lower cost paper com- 


A 2-column, 14-wire printhead jn Dataproducts’ M-200 dot-matrix 
printer uses look-ahead logic to provide 320-cps operation and an 
average 200-lpm throughput. The logic determines the first and 
last character position in the next line to be printed; upon 
completion of a line, a\zP routine moves the printhead directly to 
the start or end of the next line—whichever requires the least 
time. The bidirectional M-200 then prints left to right or right to 
left, as required. 


Weighing less than an ounce, the band in Control Data’s Model 
9380 line printer can be replaced in less than 30 sec. Once a new 
band is in place, the printer automatically adjusts to the 
character-set size as well as to a character density of 10 or 15 cpi. 
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pared with thermal printers. (Electrosensitive- 
paper costs run roughly half as much as with 
thermal units.) He says impending improve- 
ments in electrosensitive printing include a 
printhead with hundreds of electrodes; it re- 
mains stationary as the paper moves. This 
approach permits the generation of high-quality 
graphics as well as alphanumerics, and it can 
produce halftones—a difficult job for other 
impact and nonimpact technologies. 

One of the most noteworthy electrosensitiveée 
printers—a rotary unit from SCI Systems— 
utilizes a printhead that contains three multi- 


wire stylus assemblies mounted 120° apart on a 
Text continues on pg 78 


Anticipating the growth of computers in the office environment, 
the DEC LA34 runs more quietly than a standard typewriter. It 
prints upper- and lower-case data in a 9x 7 dot-matrix format and 
accepts rolls or sheets of paper. The unit prints at any of four 
character sizes, including a compressed font that achieves 216 
characters/line. A special-purpose »P allows selection of type 
font, tabs and margins through a Set Up key. 


Rated at 250 million characters, the dot-matrix printhead in Lear 
Siegler’s 300 Series Ballistic printers has no moving cores 
attached to its impact wires, as do some _ solenoid-driven 
printheads. Instead, the free-falling wires are propelled to the 
ribbon and platen by the electromagnetic force of surrounding 
armatures. A 7x9 matrix allows underlining and lower-case 
descenders. 
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Printer ICs reduce component count 


In the past, printer interfaces 
used general-purpose SSI and 
MSI and discrete transistors. 
But the advent of the uP and 
improvements in ICs have 
helped to simplify such inter- 
faces, although the large 
number of available printers 
has limited the number of ICs 
designed to serve specific 
units. 

The Intel UPI-41 is one such 
IC; it serves the LRC Model 
7040, a 40-column, 5x7 dot- 
matrix impact printer. Fig 1 
shows a block diagram of the 
UPI-41 software for the 7040. 
The buffer manager (BMGR) is 
responsible for all host- 
processor interaction; its data 
Structure contains a 40- 
character buffer that stores 
characters as they are re- 
ceived from the host proces- 
sor. The printer-service rou- 
tine (PSR) uses the timer to 
keep track of the printhead’s 
current position. At the appro- 
priate times, it pulses the 
printer's solenoid drivers to 
produce characters. 

Also intended for use with 
the 7040 printer, Rockwell's 
R7000 uP contains (in ROM) 
the dot-matrix code for 64 
USASCIl characters, plus all 
circuitry required to control 
the 7040’s seven print sole- 
noids. It also senses the status 
of various switches necessary 
to print single- or double- 
width characters, controls sin- 
gle or multiple paper feeds 
and allows serial or parallel 
communication with the host 
processor. 

Another Rockwell printer- 
controller uP is the R6500/1 
(Fig 2), a 1-chip version of the 
firm's 8-bit R6500. Its ROM 
program serves eight versions 
of the Seiko 200 and 500 
Series of dot-matrix impact 
printers. This IC contains 
coding for 96 USASCII charac- 


ters (upper and lower case), 
plus all the logic required to 
print up to 24 characters/line 
for the 200 Series and 40 
Ccharacters/line for the 500 
series. The R6500/1 has both 
an RS-232C interface, which 
operates at up to 7200 baud, 
and a parallel Centronics 
interface. 

Rockwell design engineer 
Leo Pardo says the R6500/1’s 
program occupies less than 2k 
of the ROM and that the chip’s 
64 bytes of RAM are adequate 
to handle a 40-column printer. 
Discrete transistors drive the 
print solenoids; some addi- 
tional gates provide timing 
control. Fewer parts are re- 
quired if you use only the 
serial interface. 

Another printer |C—the Mo- 
torola MC14415 CMOS quad 
precision timer/driver—aims 
at use in high-speed line 


printers and provides the 
critical timing for those units’ 
hammer drivers. It contains 
four identical circuits, each 
consisting of input logic, 
divide-by-100 counters and 
output buffers. With a 15V 
supply, it sinks 7.8 mA of 
output current when operating 
at 25°C. 

National Semiconductor's 
DS3654 printer-solenoid driver 
houses a serial-to-parallel 10- 
bit shift register with a clock 
and data input, a data output 
from the tenth bit and 10 
open-collector clamped driver 
outputs. Each of these outputs 
sinks 250 mA and is internally 
clamped to ground to dissi- 
pate energy stored in inductive 
loads. This chip’s major appli- 
cation is with serial uPs, such 
as National's COPS Series. 

Advances in _ peripheral- 
driver ICs should also serve to 
reduce printer component 
count. Dale Pippenger, Texas 
Instruments’ applications- 
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Fig 1—Software for the Intel UPI-41 and the LAC printer it controls contains 
two main parts: a buffer manager (BMGR) and a printer-service routine (PSR). 
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engineering manager for pe- 
ripheral circuits, notes that 
one area of improvement lies 
in increasing these devices’ 
power dissipation—Tl’s NE 
Series dissipates 2W, com- 
pared with 600 to 800 mW for 
older units. A heavier lead 
frame, using the middle three 
pins on each side of the DIP to 
connect to a heat sink and to 
ground, does the job. 

A further improvement in 
peripheral drivers results from 
the use of pnp inputs, which 
exhibit a higher impedance, 
thereby allowing MOS and 
CMOS interfacing. Previously, 
npn inputs prevented config- 
uring a direct interface to MOS 
devices. 

Pippenger also points out 
that some of the newer 
peripheral drivers can also 
control motors. Tl’s SN75380, 
for example, serves this task, 
although it was designed as a 
bubble-memory driver. 
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TTL inputs from a Fairchild 3257 or Signetics 2516 character generator go to a 
National Semiconductor DS8887/8897 octal high-voltage display driver and then to 
a Sprague ULN2002/2004 octal Darlington power driver; the resulting signals 
control the printhead electrodes in Hycom’s DC-1206B, an electrosensitive 
nonimpact printer. Used in portable and hand-held applications, the printer 
produces up to 15 columns of 5x 7 dot-matrix characters. 


CONSTANT-CURRENT 
SOLENOID DRIVERS 
30-45V DC 


MOTOR DRIVE 
CIRCUIT 24V DC 


NONPRINT CONTROL 
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PRINTER-MODEL 
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SWITCH 


RESET SIGNAL 
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INITIALLY 
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Fig 2—With both serial- and parallel-interface capability, Rockwell's R6500/1 printer controller serves eight 
versions of Seiko’s 200 and 500 Series units. 
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Electrosensitive printouts stand 
up to heat, sun and moisture 


plastic rotor. A slip-ring disc forms the head’s 
rear structure and connects through flexible 
etched cables to the stylu. Inserted through the 
writing platen and formed into a 120° arc, paper 
is pushed through the unit continuously. Centrif- 
ugal force extends the stylus wires through slots 
in the printhead cover and into contact with the 
platen and paper as the head rotates. As the 
stylil move across the paper, applied electrical 
pulses produce 5x7 dot-matrix characters. 

The original version of the printer produces 
2200 cps; an improved unit will output 4400 eps. 
Scheduled for introduction this year, the im- 
proved unit will use 8-1/2-in.-wide paper, com- 
pared with the 4-in.-wide stock in the original 
unit. Finally, while the older model prints along 
the paper’s length, the new one will print across 
its width. 

Rounding out the list of nonimpact printer 
types, electrostatic units—initially used for 


plotting—have been adapted to high-speed print- 
ing as well. This printer type uses dot-producing 
stylil, arranged in either a single line of about 
1000 or a 2-line staggered array of about 2000. 

In operation, special paper is first passed 
across the stylii, which develop charged points on 
it. (In one approach, stylii are activated by 
addressing a group of 64 with a code identifying 
only the points that correspond to input data. 
Then the next 64 stylii are addressed, and so on. 
The cycle repeats for every line of data pre- 
sented.) After the charged dot pattern is pro- 
duced, the paper passes through a liquid toner 
and is dried, producing the required hard copy. 
Speeds up to 2400 lpm are possible with charac- 
ters printed in a 5x7 or 7x9 dot matrix. Typical 
prices for electrostatic printers run in the $10,000 
range for 1000-lpm units. Major suppliers include 
Versatec, Gould, Houston Instrument and Litton 
Datalog. 


Interfacing and drive circuits 


AS you can see, you can choose among OEM 
printers spanning a wide range of technologies 
and prices. But whichever technology you decide 


OEM-printer manufacturers 
For more information on the products discussed in westboro, MA 01581 


this article, contact the following manufacturers 
directly or circle the appropriate numbers on the 


Information Retrieval Service card. 


Addmaster Corp 

416 Junipero Serra Dr 
San Gabriel, CA 91776 
(213) 285-1121 

Circle No 356 


Amperex Electronics Corp 


230 Duffy Ave 
Hicksville, NY 11802 
(516) 931-6200 
Circle No 357 


Anadex Instruments Inc 
9825 De Soto Ave 
Chatsworth, CA 91311 
(213) 998-8010 

Circle No 358 


Anderson Jacobson Inc 
521 Charcot Ave 

San Jose, CA 95131 
(408) 263-8520 

Circle No 359 


Axiom Corp 

5932 San Fernando Rd 
Glendale, CA 91202 
(213) 245-9244 

Circle No 360 


Bowmar Instruments 
8000 Bluffton Rd 

Ft Wayne, IN 46809 
(219) 747-3121 

Circle No 361 


Centronics Data Computer Corp 
One Wall St 

Hudson, NH 03051 

(603) 883-0111 

Circle No 362 


Clary Corp 

320 W Clary Ave 

San Gabriel, CA 91776 | 
(213) 287-6111 

Circle No 363 


Computer Devices Inc 
9 Ray Ave 

Burlington, MA 01803 
(617) 273-1550 

Circle No 364 


Computer Transceiver Systems Inc 
317 Rte 17 

Paramus, NJ 07652 

(201) 261-6800 

Circle No 365 


Control! Data Corp 
1480 N Rochester Rd 
Rochester, MI 48063 
(313) 651-8810 
Circle No 366 


Data 100 Corp 

25 Graystone St 
Warwick, RI 02886 
(401) 738-9500 
Circle No 367 


Data General Corp 
Rte 9 


(617) 366-8911 
Circle No 368 


Data Printer Corp 
600 Memorial Dr 
Cambridge, MA 02139 
(617) 354-4700 

Circle No 369 


Data+ Technik Corp 

24 Avon Circle 

Needham Heights, MA 02194 
(617) 444-8360 

Circle No 370 


Data Terminals & Communications 
1190 Dell Ave 

Campbell, CA 95008 

(408) 378-1112 

Circle No 371 


Data Test Corp 
2450 Whitman Rd 
Concord, CA 94518 
(415) 689-3583 
Circle No 372 


Datadyne Corp 

Bidg 37A, Valley Forge Center 
King of Prussia, PA 19406 
(215) 265-1793 

Circle No 373 


Dataproducts Corp 

6219 De Soto Ave 
Woodland Hills, CA 91364 
(213) 887-8000 

Circle No 374 


Dataroyal Inc 

235 Main Dunstable Rd 
Nashua, NH 03060 
(603) 883-4157 

Circle No 375 
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Datel Systems Inc 
1020 Turnpike St 
Canton, MA 02021 
(617) 828-8000 
Circle No 376 


Decision Data Corp 
100 Witmer Rd 
Horsham, PA 19044 
(215) 674-3300 
Circle No 377 


Diablo Systems 
24500 Industrial Blvd 
Hayward, CA 94545 
(415) 786-5000 
Circle No 378 


Diamond Engineering 
3635 150th NE 
Redmond, WA 98052 
(206) 883-1071 

Circle No 379 


Di/An Controls Inc 
944 Dorchester Ave 
Boston, MA 02125 
(617) 288-7700 
Circle No 380 


Digital Associates 


24 Old Kings Highway South 


Darien, CT 06820 
(203) 327-9210 
Circle No 381 


Digital Equipment Corp 
One Iron Way 
Marlborough, MA 01752 
(617) 481-7400 

Circle No 382 


Digitec 

918 Woodley Rd 
Dayton, OH 45403 
(513) 254-6251 
Circle No 383 


Documation Inc 
Box 1240 
Melbourne, FL 32901 
(305) 724-1111 
Circle No 384 


Electronic Product Associates 
1157 Vega St 

San Diego, CA 92110 

(714) 276-8911 

Circle No 385 


Epson America Inc 
23844 Hawthorne Blvd 
Torrance, CA 90506 
(213) 378-2220 

Circle No 386 


Expandor Inc 
612 Beatty Rd 
Monroeville, PA 15146 
(412) 373-0300 
Circle No 387 


Extel Corp 

310 Anthony Trail 
Northbrook, IL 60062 
(312) 564-2600 
Circle No 388 


Facit-Addo Corp 
501 Winsor Dr 
Secaucus, NJ 07094 
(201) 886-5111 
Circle No 389 


Florida Data Corp 

3308 New Haven Ave 
West Melbourne, FL 32901 
(305) 724-6088 

Circle No 390 


General Electric Co 
Data Comm Prod Dept 
Waynesboro, VA 22980 
(703) 942-8161 

Circle No 391 


Genesis One Computer Corp 
300 E 44th St 

New York, NY 10017 

(212) 557-3500 

Circle No 392 


Gould Inc 

3631 Perkins Ave 
Cleveland, OH 44114 
(216) 361-3315 
Circle No 393 


Gulton Industries 

Gulton Industrial Park 
East Greenwich, RI 02818 
(401) 884-6800 

Circle No 394 


Hecon Corp 

31-45 Park Rd 

Tinton Falls, NY 07724 
(201) 542-9200 

Circle No 395 


Hewlett-Packard Co 
1507 Page Mill Rd 
Palo Alto, CA 94304 
(415) 856-1501 
Circle No 396 


Houston Instrument 
8500 Cameron Rd 
Austin, TX 78753 
(512) 837-2820 
Circle No 397 


Hycom Inc 

16841 Armstrong Ave 
irvine, CA 92795 
(714) 557-5252 

Circle No 398 


Inforex 

21 North Ave 
Burlington, MA 01803 
(617) 272-6470 

Circle No 399 


integral Data Systems 
5 Bridge St 
Watertown, MA 02172 
(617) 926-1011 

Circle No 400 


C Itoh Electronics 
5301 Beethoven St 
Los Angeles, CA 90066 
(213) 390-7778 

Circle No 401 


Lear Siegler Inc 
714 N Brookhurst St 
Anaheim, CA 92803 
(714) 774-1010 
Circle No 402 


Litton Datalog 

1770 Walt Whitman Rd 
Melville, NY 11746 
(516) 694-8300 

Circle No 403 


LogAbax Inc 

10889 Wilshire Bivd 
Los Angeles, CA 90024 
(213) 477-0494 

Circle No 404 


LRC Inc 

Technical Industrial Park 
Riverton, WY 82501 

(307) 856-4821 

Circle No 405 


Memorex Corp 

3015 Daimler St 
Santa Ana, CA 92705 
(714) 854-3111 
Circle No 406 


MFE Corp 
Keewaydin Dr 
Salem, NH 03079 
(603) 893-1921 
Circle No 407 


Microdata Corp 
17481 Red Hill Ave 
Irvine, CA 92750 
(714) 540-6730 
Circle No 408 


Miltope Corp 

532 Broad Hollow Rd 
Melville, NY 11746 
(516) 938-9500 
Circle No 409 


MI? Data Systems 
1356 Norton Ave 
Columbus, OH 43212 
(614) 481-8881 

Circle No 410 


NCR Corp 

Box 627 

Ithaca, NY 14850 
(607) 273-5310 
Circle No 411 


NEC Systems Laboratories Inc 
5 Militia Dr 

Lexington, MA 02173 

(617) 862-6415 

Circle No 412 


Okidata Corp 

111 Gaither Dr 
Moorestown, NJ 08057 
(609) 235-2600 

Circle No 413 
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Panasonic Electronic Components 
Box 1503 

Secaucus, NJ 07094 

(201) 348-7000 

Circle No 414 


Perkin-Elmer Data Systems 
Rte 10 & Emory Ave 
Randolph, NJ 07801 

(201) 336-5350 

Circle No 415 


Potter Instrument Co Inc 
45 Executive Dr 
Plainview, NY 11803 
(516) 681-3200 

Circle No 416 


Practical Automation 
Trap Falls Rd 
Shelton, CT 06484 
(203) 929-5381 

Circle No 417 


Printec Co 

8 Gill St 

Woburn, MA 01801 
(617) 935-4246 
Circle No 418 


Printronix 

17421 Derian Ave 
Irvine, CA 92714 
(714) 549-8272 
Circle No 419 


Qualterm Terminals 
227 Humbolat Ct 
Sunnyvale, CA 94086 
(408) 734-5610 
Circle No 420 


Qume Corp 

2323 Industrial Parkway West 
Hayward, CA 94545 

(415) 783-6100 

Circle No 421 


SCi Systems 

8600 S Memorial Parkway 
Huntsville, AL 35802 
(205) 881-1611 

Circle No 422 


Sanders Technology Systems 
5 Tinkham Ave 

Derry, NH 03038 

(603) 434-1571 

Circle No 423 


SCM/Kleinschmidt 
Lake Cook Rd 
Deerfield, IL 60015 
(312) 945-1000 
Circle No 424 


Scope Data Inc 
3728 Silver Star Rd 
Orlando, FL 32808 
(305) 298-0500 
Circle No 425 


Sheldon-Sodeco 

4 Westchester Plaza 
Elmsford, NY 10523 
(914) 592-4400 
Circle No 426 


Siemens 

186 Wood Ave South 
Iselin, NJ 08830 
(201) 494-100 

Circle No 427 


Silonics 

525 Oakmead Parkway 
Sunnyvale, CA 94086 
(408) 732-1650 

Circle No 428 


Southern Systems 
3000 NE 30th PI 

Suite 309 

Ft Lauderdale, FL 33306 
Circle No 429 


Southwest Technical Products 
219 Rhapsody 

San Antonio, TX 78216 

(512) 344-0241 

Circle No 430 


Sweda International 
34 Maple Ave 

Pine Brook, NJ 07058 
(201) 575-8100 

Circle No 431 


Tally Corp 

8301 S 180th St 
Kent, WA 98031 
(206) 251-5500 
Circle No 432 


Telespeed Communications 
Box 647 

Syosset, NY 11791 

(516) 364-0777 

Circle No 433 


Telpar Inc 

4132 Billy Mitchell Rd 
Addison, TX 75001 
(214) 233-6631 

Circle No 434 


Teletype Corp 
5555 Touhy Ave 
Skokie, IL 60076 
(312) 982-2000 
Circle No 435 


Telex Terminal Communications 
Box 27228 

Raleigh, NC 27611 

(919) 834-5251 

Circle No 436 


Texas Instruments 

12202 Southwest Freeway 
Stafford, TX 77477 

(713) 494-5115 

Circle No 437 


Tri-Star Computer Systems 
304 Harper Dr 

Moorestown, NJ 08057 
(609) 234-6661 

Circle No 438 


Versatec Inc 

2805 Bowers Ave 
Santa Clara, CA 95051 
(408) 988-2800 

Circle No 439 


Victor Comptometer 
3900 N Rockwell St 
Chicago, IL 60618 
(312) 539-8200 
Circle No 440 


Vogue Instrument Corp 
131st St & Jamaica Ave 
Richmond Hill, NY 11418 
(212) 641-8800 

Circle No 441 


Wang Laboratories 
One Industrial Ave 
Lowell, MA 01851 
(617) 851-4111 
Circle No 442 
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RS-232 sports several variations— 
options and ambiguities can confuse 


upon, you face the need to connect the chosen 
printer with a computer system through either a 
serial or parallel interface. | 

As John Leggat, manager of customer support 
for Centronics, points out, the simplest form of 
printer interface transmits data serially, gener- 
ating no acknowledgement of the data’s accept- 
ability. “If you are willing to live with this 
shortcoming, your task is simple: A driver talks 
to the printer; all you must do is let the system 
drive and print. But things can happen to a 
message, particularly in the presence of noise or 
a power change. In systems at the opposite end of 
the serial-communications complexity spectrum, 
the driver deals with these problems by trans- 
mitting data and then asking if that data has 
been received properly before transmitting more 
data.” 

In serial communications, control and data 
signals usually come from one pair of lines; an 
additional line sometimes provides a busy 
signal—used to delay data transmission until the 
printer can handle that data. In parallel commu- 
nications, on the other hand, seven or eight lines 
control computer/printer handshaking, which 
allows data to be sent to the printer at appropri- 
ate times. 

The simplest serial mode is simplex—data goes 
to the printer with no acknowledgement to the 
driver. In half-duplex mode, the printer receives 
and the driver transmits, but not simultaneous- 
ly. In full-duplex operation, printer and driver 
can both simultaneously receive and transmit. 

The most widely used serial-communication 
standard is RS-232C. But, Leggat cautions, “this 
standard is not in itself enough to describe an 
interface. There are many possible variations—I 
suspect that I can identify more than 100 
different versions used with our equipment. 
Options and ambiguities can confuse designers.”’ 

As Don Perkins, VP at interface manufacturer 
MDB Systems, Orange, CA, explains, one of the 
confusing areas in an RS-232C connection is the 
use of pin 2 for transmitted data and pin 3 for 
received data. The confusion arises in a simplex 
or half-duplex connection, where pin 2 at one end 
of the line must go to pin 3 at the other end, and 
vice versa; this pin transposition can be handled 
in the cable itself or at either connector. Another 
confusing aspect of the RS-232C standard is the 
pin used to indicate a busy condition. Sometimes 
pin 11—which is normally unassigned—has this 
task; in other cases pin 19 or pin 20—with the 
appropriate polarity—is used. 

Many types of communication protocols serve 


80 


RS-232C systems. One protocol uses USASCII 
code STX (start of text) to precede data and 
ETX (end of text) to follow data transmission. 
Another uses. USASCII ACK to acknowledge 
message receipt and NAK to indicate no acknowl- 
edgement. This ACK/NAK combination usually 
serves polling computer configurations. STX, 
ETX, ACK and NAK are nonprinting characters. 

In one version of RS-232C, transmitted data 
has one start bit, seven data bits, one parity bit 
(odd or even) and one or more stop bits. At the 
receiving end, the data is assembled into 8-bit 
characters (seven data bits and one parity bit), 
parity is checked and assembled characters go in 
parallel to the printer. 

A serial-communication alternative to the 
voltage-level-dependent RS-232C, 20- or 60-mA 
current loop derives from Teletype communica- 
tion and is still used by perhaps 20% of all printer 
systems. Here, sequences of ON/OFF mark-space 
current pulses in Baudot code are transmitted 
asynchronously in combinations of five ONEs 
and ZEROs, with each sequence preceded by a 
start element to ensure synchronization between 
the driver and receiver. | 

When current-loop or RS-232C communication 
occurs over telephone lines, a data set (modem) 
converts the signals to ac and back again to the 
appropriate current or voltage levels. The data 
set also provides a reverse channel to allow 
transmission of a signal that acknowledges re- 
ceipt of a message. Other signals available with 
the data set include request to send and data 
terminal ready. Transposition of pins 2 and 3 is 
not required here, because the data set automati- 
cally performs this function. Many data sets 
allow transmission rates between 110 and 9600 
baud. 


Meeting parallel-interface standards 


When connecting a printer to a computer, you 
can also choose to implement a parallel 
interface—usually faster than a serial one. But 
in that case you must really accommodate two 
parallel hookups. At the host-computer end, 
computer I/O and software reign; at the printer 
end, printer handshake protocol and signal tim- 
ing are important. Many parallel computer inter- 
faces exist, but the de facto standards in this 
area have been established by Centronics and 
Dataproducts. 

Printer-controller parallel-interface boards are 
housed either in the printer or in card slots 
provided in the host computer. Most computer 
manufacturers, and about a half-dozen interface 
specialists, offer these cards, and in most cases 
it’s more cost effective to buy rather than design 
them if the quantities you require are small. 

“The parallel-interface problem is generally 
oversimplified,’ MDB’s Perkins notes. “Many 
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its ten years since HEI produced the industry s first 
optical switch, and our capabilities have grown with the 
years. Take a look at a few of our latest electro-optical 
solutions. | 


1. Hand-fed Card Reader — reads both punches and 
marks with no adjustment. Thirteen channel square- 
wave output with strobe. Can be custom configured, 
and carries lowest price on the market. 


2. Incremental Encoder — low cost encoder includes 
disk and sensors. Provides square-wave output and 
broad temperature capability. Built to last. 


3. Compact Light Pen — extra slim stainless-steel 
case, integral hybrid circuitry. Can be ordered with 
specified field of view and sensitivity. Needs only 5VDC. 
One of several in our light pen family. | 


4. Custom Optical Switch — contains light source(s) 


and sensor(s) plus hybrid control circuit. Square-wave 
output. Customer specifies size and gap spacing. 


5. Hybrid Circuit — HEI Specializes in high-density 
thick film circuits. We are competitive at any quantity 
level or circuit Complexity. Experienced supplier to 
demanding customers for a decade. Need design help? 
Ask us. 


Product +4 Circle No 47 
Product +5 Circle No 48 
Product +6 Circle No 49 


Product #1 Circle No 44 
Product #2 Circle No 45 
Product #3 Circle No 46 


6. Multi-Channel Reader — economical 2 to 14 Ghan- 
nel optical reader widely used for high-speed printer 
control. TTL outputs with up to ten fanouts per channel. 


This is just a Sample of HEI products. We also Supply 
a variety of optical switches, arrays, shaft encoder 
devices. If you cant find just what you need, HE! will 
build it at the right price. Got problems? HEI has 
electro-optical solutions! 
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Jonathan industrial Center © Chaska, MN 55318 ¢ 612/448-3510 


739 SERIES These LED Dis- 
play assemblies are attractively designed in a 
convenient package with bezel and are ready for 
instant pane! mounting. Available in groups of 
one or more characters. 


bial ood. sd 


a a a 


y 


730-6007 ; : 730-6001 


730 SERIES 0.600” LED 
character in super bright red, seven segmented 
readout... low power. . draws 10mA/segment 
or less... “operates with standard IC supply lev- 
els. Very high contrast ratio... visible from 40’. 
Available with or without on- -board decoder/ driver, 
plus or minus bar, and with bezel mounting (739 
series). In 1000- lot quantities. 


each 730-6007... .$6.95 730-6001... $2.55 


745-0017 


745 SERIES 0.300" LED 
character in a very bright red, seven segmented 
readout .. . low power requirements. Standard 14 
pin DIP... available with left decimal + 1, and 
with or without on-board decoder/driver, bezel 
mounting (749 seies). In 1000-lot quantities. 


each 740-3006... $4.58 745-0017... .$1.10 


Parallel interfaces follow two 
de facto standards 


times a printer manufacturer will claim its 
printer is plug compatible with the Centronics or 
Dataproducts interface. That may be true elec- 
trically but not functionally, and implementing 
an interface could require adding circuitry to the 
printer-controller board.” MDB provides boards 
that accommodate both interfaces. 

The Centronics and Dataproducts interfaces, 
however, differ in several respects: In addition to 
using different connectors, they require differ- 
ent handshake signals. In the Dataproducts 
standard, the printer first generates a Ready 
signal, which tells the computer that all operat- 
ing voltages are on, interlocks are closed, paper 
has been loaded and no printer faults exist. Then 
the printer produces an On Line signal, which 
indicates that it’s ready to accept data. Next, a 
Demand line goes HIGH, requesting a character 
from the computer; it remains HIGH until the 
printer receives Data Strobe. After the data 
character is loaded into the printer, the Demand 
line goes LOW. 

In the Centronies interface, Fault is used 
instead of Ready, and Select serves in place of On 
Line. Also, Acknowledge and Strobe, with com- 
pletely different timing, are used instead of 
Dataproducts’ Demand and Strobe. EDN 


Article Interest Quotient (Circle One) 
High 470 Medium 471 Low 472 


NEXT 
TIME 


EDN’s March 5th issue will feature a Special 

Report on low-cost oscilloscopes, as well as 

informative articles on 

e A voltage-switching technique that 
simplifies and speeds MDAC operation 

e The proper use of bypassing to reduce un- 
wanted voltage spikes 

e The representation of data structures in 
computers 

...and much more. Don’t miss it! 
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basics snap- ‘action 
S switch. it was the 
only product we 

~ . made. But it wasnt 
~ all we had to sell. 
Even that first switch was 
tough and reliable. So we started 
out with a reputation for quality 
we ve been selling ever since. 
Today's MICRO SWITCH 
basic is put together with the finest 
materials available, then put 


a, 


» through intense survival tests 
in the lab. The result is the kind 
of switch that can @ _ 

stand up to punish- 
ment on the job. aes 
It's also versa- 


tile. Our standard basic comes in 
limitless variations with up to 25 
amps electrical capacity. The V3, 
SM and SX offer a wide selection 
of sizes, dozens of different 
actuators and terminals and a 
variety of operating forces. 
And solid state switches like 
XL are mechanically operated and 
offer solid state Hall-ettect 
technology. | 
| MICRO SWITCH backs you 
up with field engineers who deliver 
application assistance, plus a net- 
work of authorized distributors for 
local availability. For details, call 


815/235-6600. 
When it comes to basic 


experience. - 


A. Type SM- 
invented 1950. 
B. Type BZ- 
invented 1932. 
C.TypeV3- _ 
verted 1945, 
invented 1958. 


MIC 


FREEPORT. IL 
A- DIVISION © 


Circle No 51 for Data 
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EDN uC Design Series 


Use your midrange yP equipment 


Put off by the large investment required by 1-chip-~C development 
systems? Here’s how you can use an up-and-running w.P system to 


Robert H Cushman, Special Features Editor 


Although today’s low-end 1-chip wCs promise the 
ultimate in price reduction once the products 
they’re used in reach mass production, they often 
initially appear forbiddingly difficult and expen- 
sive to incorporate into those products. Why? 
Because designers feel discouraged by the appar- 
ent need to buy an expensive, specialized devel- 
opment system for each 1-chip-uwC family they 
wish to investigate. 

We, too, faced this problem. And our solution 
was to use some of our available moderate-cost, 
midrange pP equipment to develop a method for 
exercising the ROMless emulator versions that 
exist for most of today’s low-end 1-chip wuCs. 
Although to date we’ve only used an E&L ie PY nscreseond- | 
Instruments 8080 system as a “host”? computer | =e , = oe 4 
and a National Semiconductor COP 400-family ' h | 
402 ROMless emulator as a “target” 1-chip wC in ane 
this manner, we believe our method general (aaa ceo cae oc eteeess 
enough to apply to the combination of any | \ | \' 
midrange nC or minicomputer host and any 
1-chip emulator. 


‘ ¢ 3 
: Ss § °3 & 


A slow-but-sure approach 


In our setup (Fig 1), the E&L MMD-1’s monitor 
loads COP 400-family instructions into an area of 
the 8080-system RAM. The 8080 then resets the 
402 and turns control over to it. The 8080 system 
at that point becomes a “‘slave”’ to the 402: Each 
time the 402 sends out an address, the 8080 sends : eZ 
back the instruction code associated with that Fig 1—A low-cost, universal method for exercising 


address. 1-chip Cs uses a small midrange wP system to act as 
os Ae : both controller and program memory for the 1-chip 

The 8255 I/O chip in our setup provides the device (a). In EDN’s setup, a moderate-cost (much less 
interface between the 8080 and 402. This chip’s |} than $1000) E&L Instruments MMD-1 8080 system is the 
MODE 2 operation, which turns its port A intoa host, and a National Semiconductor COP 400-family 402 
bas tj 1 t ile handy (f ROMless emulator device serves as the 1-chip nC. A 
ganashane ve port, proves especially nanay for programmable 8255 I/O chip acts as the interface 
this application. between the 8080 and the 402, and a crystal-controlled 
The SMC 5016 in the configuration provides a SMC 5016 baud-rate generator provides a programmable 


lock input f 
programmable crystal-controlled clock for the A Rr hee ee 
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to explore today’s 41-chip piCs 


obtain a first-pass familiarity with today’s 1-chip devices—for 
an expenditure far smaller than you might think necessary. 


8080 DATA BUS 


COMMON BUS 

BETWEEN 402 

& 8255 NOT USED 
INITIALLY 


TN, 
PROGRAMMING INPUTS 
FROM 8080 DATA BUS 


(aT STS mae SSSR. 
D7 Dg Ds Dy : 


5.0688-MHz : 


| | CRYSTAL 


D7 Dg Ds Dy g 
CN grees 
© * FROM 8080 s 
+5V 2° DATA BUS +12V 
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First-pass familiarity with a 
1-chip uC costs about $500 


402, and its second programmable channel can 
furnish synchronized inputs for examining the 
behavior of the 402’s input ports (including the 
serial port) and testing that device’s interrupt 
capability. : 

You can thus see that we use a roughly $500 
system to approximate the more expensive 
($4000 to $20,000) development systems sold by 
the 1-chip-wC suppliers. We don’t claim, of course, 


(a) 


CLOCK IN (16 X AD/DATA) 


AD/DATA 


(b) ® 


INITIALIZE 
RESET TO 402 


TAKE IN ADDRESS FROM 
402 


USING ADDRESS OBTAINED 
FROM 402, LOOK UP 402 
INSTRUCTION 


PUT 402 INSTRUCTION 
ON 8255 PORT A (WHICH 

AD/DATA LINE HAS ENABLED 
AS OUTPUT) 


REPEAT ENDLESSLY 


Fig 2—With very few signals for effecting its external 
instruction fetch (a), the COP 402 ROMless emulator 
nevertheless provides enough such signals for use by the 
8080 host computer. The 402’s AD/DATA output goes 
HIGH when the 402 sends out an address for an 
instruction and LOW when the 402 expects the instruction 
to come back. As the 8080-software flow diagram (b) 
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that this system can replace the “official” setups, 
for it has some obvious shortcomings. But itis a 
sensible approach to gaining initial hands-on 
familiarity with the dozens of available 1-chip 
wCs, before you decide which one looks best for 
your application and buy the “official” system 
for it. 


Living with lowered speed 

The most glaring deficiency of our approach is 
that the 1-chip device must run slowly to give the 
host uC system time to execute all of its instruc- 
tions. The MMD-1 system we use operates at a 
slowed-down 750-kHz system clock to allow use of 


*FOR COMPLETE INI- 
TIALIZATION OF 402, 
RESET MUST BE HELD 
DOWN TWO INSTRUCTION 
CYCLES 


shows, the 8080 prepares the 402 for a ‘‘run”’ by first 
holding down the 402’s RESET input to force the 402 PC 
to all ZEROs, then releases that line to let the 402 start 
executing. Meanwhile, the 8080 switches from ‘‘master’’ 
to ‘slave’ status and watches the 402’s AD/DATA line so 
it knows when to accept addresses from the 402 and 
when to send back instruction code. 
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slow 1702A PROMs; we thus had to program the 
5016 baud-rate generator at 76.8 kHz to give the 
MMD-1 time to execute the roughly 12 instruc- 
tions occurring during each half of the 402’s 
fetch cycle. Therefore, the 402, which divides the 
incoming clock by 16, must operate at an approxi- 


mately 5-kHz internal frequency—far below its 
normal specified range of 100 to 250 kHz. 

We were sure the system could function at this 
reduced speed, but to double check we called COP 
400-family designer Ralph Haines. He explained 
that the specified lower limit on the clock rate 


CODE “NED! DO PERAND 


ADDRESS LABEL COMMEYTS 
COCTAL) COCT 
oce COS STAFT 021 LXILDE POINT §080/CE 
0Ccé CCO CODE/ TO 4C2 CODE 
007 030 coOP4ce2 
010 SET CLK C76 “AVILA SET WP CLOCK-1 
O11 0€0 76.8K FREQUENCY 
012 323 3 ag ret 
013 003 PIPT 3 
O34 SET CLY O76 MVICA SET WEF CLIC%-2 
015 oco FREGUENCY 
C16 323 3UT 
C17 C04 PORT 4 
G20 SEP -¥7) C76 “TLS SET 8255 PORT A 
C21 302 MIDE 2 T) MODE 2 (BI-DIR) 
022 062 STA PORT B AS INPUT 
023 0C3 3255/7 PORT CO-C2 AS OUT. 
024 20c CONTPOL 
025 O72 LDA LOOX AT PORT C 
02€ oce2 3255/ T CHECK CONTROL 
027 2c0c PORT C STATUS 
c32c 343. 90'7 
021 cece PYPT O 
032 315 CALL ‘ 
32 200 “EY A 
C34 coe 
025 Cal UXILHL FOINT 803C/4HL 
036 COG TRACE ™ TRACE BUFF. 
C37 C34 R2UFFEP 
040 016 MVILC SET YO. 402 EXE- 
041 377 # 402 © CUTIONS ALLOVED. 
Cae 006 “VI,B iets ors é 
043 C07 BRX ADD Renueeee 
045 CT6. MUL yA ENABLE 8255 
CAE O1l SET C4 INTERRUPT IF 
C47 0€2 STA NEEDED. 
650 C02 325S5/ 
O81 2c0 CONTROL 
052 PLSET C76 AVILGA SEND FESET TO 402 
083 OC4 PSET C2 
054 Cé2 STA 
Of5 cc3 3255/ 
£6 2cc COYTRIL 
CE7 C72. LPA 
CEC erey 3255/ 
061 aCe PORT C 
O€2 323 O° 
063 oce PORT.2 
CE“ 315 CAEL 
CES 220 “EY 5 
CEE cc2 
C70 076 AVILA LIFT 402° RESET 
071 OOS RSET C2 
072 062 STA 
073 0C3 325S5/ 
074 200 CON TROL 
075 303 JMP OPTIONAL JIMP 
O76 300 FETCH P TO FETCH-B 
077 oce 


102 200 PORT C HIGH, AS INDI- 
103 346 ANI CATED BY 3255 
104 040 C BITs5 BIT C5. 

105 342 JZ 

106 100 FETCH A 

107 002 

110 072 LDA 8080 GETS ADDR 
111 000 825S/ FROM AQ2 @ 

112 200 PORT A READI ESs? T-FOF 
113 137 “40, EA TABLE LOOXUP, 
114 067 STC 

115 A/D LO? 072 LDA VAIT FOR 402 
116 001 $255/ A/D LINE T)D 
117 200 PORT B G LOV. 


Fig 3—This program for 8080/402 interaction runs on an 
MMD-1 system with the 402 connected as shown in Fig 1. 
The MMD-1 KEX monitor (Ref 2) sets up parameters in the 
initialization part of this listing (up to address 002 077), 
and KEX is also called at various points. The two fetch 
loops allow the 8080 to accept addresses from the 402 
and send back instruction codes: FETCH A is a simple 
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120 037 RAR 

121 332 JC 

122 115 A/D LO? 

123 002 

124 032 LDAX, DE 3080 SENDS 402 
125 062 STA CODE OUT TO 

126 000 8255/ 3255 PORTA 
127 200 PORT A FOR 402. 

130 303 JMP ENDLESS LOOP 
131 100 FETCH A OF 402 FETCHES. 
132 002 

140 BREAK 076 MVILA PUT DUT INDI- 
141 377 ALL ANS CATION THAT 
142 323.0UT ERK REACHES 
143 000 PORT 0 & STOP. 

144 166 HLT 

200 KEY A 315 CALL TO HOLD 3080 
201 315 “EX “EY TILL OPERATOR 
202 000 HITS KEY A. 

203 376 CPI 

204 O15 CODE/A 

205 302 JNZ 

206 200 KEY A 

207 002 

210 401° RET 

220 “EY B 315 CALL TM HOLD 8080 
221 315 KEX KEY TILL JPERATOR 
2022 eee HITS KEY B. 
223 376 CPI 

224 016 CODE/B 

225 302 JNZ 

226 220 KEY B 

227 002 

230 34) RET 

305" ' 

302 200 FORT C HIGH, AS INDI- 
303 346 ANI CATED BY 3255 
304 O40 C BIT/S5 PIT CS. 

305 $12.32 

306 300 FETCH B 

307 coe 

310 O72 LDA 8030 GETS ADDR 
311 oco 3255/ FROM 402 @ 

312 200 PORT A STORES IT IN 
313 167 MOVLMA TRACE BUFF, @ 
314 270 C4P,B COMPARES IT TO 
315 ce ar a BREAK VALUE & 
316 140 BREAK READIES IT FOP 
317 002 TABLE LOOXUF. 
320 137 MOV.EA 

321 067 STC 

322 A/D LO? 072 LDA VAIT FOR 402 
323 001 3255/ A/D LINE 79 
324 200 PORT B &) Lov, 

325 037 RAR 

326 352. JC 

327 322 A/D LO? 

330 002 

331 C32 LDAX, DE 3030 SENDS 4C2 
332 062 STA CODE Ott 19 
333 coo Z255/. BESSFOPT A 

334 200 PORT A FOR 402. 

335 OAS INS AL HO'SEXEEP HL 
336 015 DCR.C PTS C COINT. 
337 302 JNZ ALL ALLOWED 402 
340 300 FETCH & EXECUTIINS DOVE? 
341 002 IF-SO0, FALL OUT. 
342 676 MVILA DISPLAY THAT 
343 377 ALL 1°5 HAVE FALLEN OUT 
344 323, OUT ON PORT 1. 

345 001 POPT 1 

346 166 HLT STOF 3030. 


endless loop; FETCH B, a more elaborate loop with trace, 
breakpoint-detect and limit features. The user chooses 
between FETCH A and FETCH B by either leaving in the 
JMP at 002 075 or replacing it with NOPs. We assume that 
this program would be loaded into 8080-system RAM, so 
that all these changes could be made by the KEX monitor. 
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FETCH B adds trace, breakpoint- 
detect and limit capabilities 


ensures that the NMOS COP family’s dynamic 
memory circuitry will operate reliably at the 
maximum specified temperature (70 to 85°C 
ambient). But he assured us that at room 
temperature, operating most COP devices down 
to, say, 1 kHz should pose no problem. 

At this initial stage, we weren’t concerned that 
our setup wasn’t operating in real time, for our 
prime objective was being able to try out the 402 
instructions and sample programs. The 1-chip-wC 
architectures are all sufficiently distinct and 
“tricky” enough to require that you really havea 
working system at your disposal to gain familiar- 
ity with the devices. 


Explaining the 8080/402 interaction 


Fig 2 outlines the 402 signals with which the 
8080 must interact and the 8080 software that 
implements this interaction. Note that the COP 
400-family devices have no halt or hold capabili- 
ty, either in software or hardware; the parts just 
keep running continuously. Looking at the AD/ 
DATA control output from the 402 (pin 33), for 


CLEAR A 

ADD 3 TD A 
A TO BD 

TO FORT D 


000 CLRA 
f23° ASC 
120 CAB 
063 OJBD BD 
076 
305 


JP HALT 


000 
063 
125 
121 
303 
063 
122 
121 
307 
301 


CLRA 
OGI 


CLEAR A 
PUT te gt 
OUT 
COUNT 
DELAY- 1 
PUT or ee 
OUT 
COUN T 
DELAY=-2 
START 


DELAY- ] AI SC 
JP" 


OG! 


AI SC 
JP 
JP 


DELAY- 2 


Fig 4—Check out these examples of tria/ 402 programs, 
which can be used to both verify the operation of the 
8080/402 system and gain familiarity with the COP 400 
1-chip-C family. The first program loads an immediate 
value into one of the 402’s internal registers and outputs it 
to a 402 port where it can be examined; this program ends 
with a pseudo-halt loop. The second program puts out a 
continuous square wave on one of the pins of a 402 port, 
using 402 delay countdowns to make the square wave 
Slower than required for normal 402 operation. 
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example, you see that the 402 continually goes 
through instruction-fetch cycles. There’s no way 
to stop this action—even the RESET input to the 
402 (pin 4) only jams ZEROs into the 402 PC; it 
doesn’t stop the fetch cycles. 

Now consider the bidirectional port into which 
the 402 first puts out the instruction address 


(from the 402 PC) when the AD/DATA line is 


HIGH, then reads back the instruction or data 
when that line is LOW. The address continually 
increments (except when RESET forces the 402 
PC to put out all ZEROs). Thus, any external 
computer such as our MMD-1 can control the 402 
in only a few ways: 
¢ Control the frequency of the clock input to 
the 402 (pin 2) 7 
¢ Hold the 402 RESET line (pin 4) down, 
thereby continually resetting the PC and 
causing it to send out a stream of ZERO 
addresses 
e “Fool” the 402 by sending back not the 
instruction codes that its PC has addressed, 
but rather a sequence that the 8080 wishes 
to “force-feed” the 402 
¢ In conjunction with such force-fed code, 
program the 402 ports as inputs and exter- 
nally feed desired conditions to those in- 
puts. 
We used the first two options to implement our 
basic fetch/execute cycle—FETCH A—described 
in the Fig 3 software listing (octal addresses 002 
100 to 002 132). We incorporated the other two 
options in the more elaborate FETCH B cycle, 
also shown in Fig 3. 
Fig 3’s software starts with initializations, 


_ which set up the 8080 to play its role of serving as 


a master controller and program-ROM simulator 
for the 402; the initializations include the setups 
for both fetch cycles. This software also pro- 
grams the clock. 

FETCH A is the simplest loop we could produce 
for the 8080’s interaction with the 402. It uses > 
8080 wait loops to synchronize the 8080 with the 
402’s AD/DATA line. After the 8080 sees that line 
go HIGH, it accepts the PC address put out by the 
402. (On our initial setup, we ignored the two 
high-address lines put out by the 402, because we. 
felt our initial get-acquainted programs for the 
402 would not exceed 256 bytes in length.) Then 
the 8080 waits for the AD/DATA line to go LOW, 
whereupon it looks up the instruction byte 
indicated by the address just received from the 
402. The 8080’s indirect-address instruction, 
LDAX, proves handy for this look-up operation; 
as the listing shows, it’s only necessary to store 
the address received from the 402 in the 8080’s 
DE register pair, then use LDAX (DE) to fetch 
the 402 instruction. After outputting the instruc- 
tion to the I/O port, where the 402 can access it, 
the 8080 program loops itself back for another 
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FETCH A cycle. In this manner, FETCH A keeps 
delivering instructions to the 402, and it’s up to 
the person who writes the 402 program to put a 
halt loop at the end of that program if it’s 
important that the 402 not run wild. 

Fig 4 shows examples of the short 402 pro- 
grams we used to check whether our setup was 
functioning properly. We’d start out with the 
CLRA (clear accumulator) stipulated by National 
in the COP manuals (Haines said he uses that 
instruction to clear COP 400 ports), then perhaps 
use a load-immediate instruction to put known 
data into one of the 402 registers, then follow 
that instruction with one to output the known 
data to one of the 402 ports where we could see it. 
Usually, we’d end this sort of program with a 
short jump (JP) to prevent continued 402 opera- 
tion. This final loop could also be used to view the 
system signals on a scope. 

The hardware/software combination described 
here works, but we have not had the time to 
thoroughly examine how faithfully it carries out 
the details of the desired 8080/402 interaction. 
Also, we are not sure that the configuration 
shown takes full advantage of the available 8255 
port C handshaking lines when the 8255 port A 
uses the MODE 2 (bidirectional) option. Also 
remaining to be checked are _ timing 
limitations—among the time intervals required 
by the host computer to execute its instructions 
in the fetch cycle and the slowest clock speed at 
which several sample 402 devices operate relia- 
bly over a typical range of lab ambient tempera- 
tures. (Haines had indicated that this clock speed 
varies among devices.) 


Adding features with software 


The FETCH B option adds a trace of the 402 
instruction addresses, a breakpoint detect and a 
limit to the number of instructions the 402 is 
allowed to fetch. These features prove desirable 
during application development, but they do 
lengthen the fetch loop and might necessitate 
running the 402 still slower (by reprogramming 
the baud-rate generator during initialization). 

The 402 trace is accomplished by making the 
8080 sequentially store all the addresses it 
receives from the 402 in a block of 8080-system 
RAM (chosen during initialization at line 002 
035). These addresses can then later be reviewed 
and used to analyze the 402’s behavior in 
executing a particular program. Such a trace is 
handy when you’re trying to track down mysteri- 
ous 402 behavior, for example, in a program that 
contains many jumps to subroutines and re- 
sponses to interrupts. It also proves handy for 
checking that the 8080 and 402 interact properly. 
You can make the trace as long as the available 
8080-system RAM permits. 

The breakpoint detect we show in Fig 3 
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compares each address from the 402 with a 
preset address previously loaded into 8080 regis- 
ter B during initialization at line 002 042. If the 
402 sends an address that matches, the 8080 
jumps to a breakpoint-service routine— 
BREAK—at location 002 140. This routine mere- 
ly indicates on the 8080-system display that the 
breakpoint has been reached; it doesn’t stop the 
402. It probably would be a better procedure, 
however, if the breakpoint-service routine put 
the 8080 into another fetch loop, say “FETCH C,” 
which would force-feed a sequence of instruc- 
tions back to the 402 and cause that device to 
dump the state of its internal registers to one of 
its I/O ports. There, the 8080 could capture and 
hold them for analysis. 

As Haines explained, it should be possible by 
this method to gain access to the contents of all 
of the 402’s registers, except the addresses saved 
in the subroutine-and-interrupt stack and the 
states described in the internal EN control 
register. This is exactly the procedure National’s 
Bernie Kute uses in the firm’s COP development 
system. 


A bipolar »P for real time 


As a next stage in our exploration of this type 
of 1-chip-wC development system, we are contem- 
plating replacing the 8080 with a Signetics 8X300 
bipolar wP. We have one of Signetics’ low-cost 
($175) KT100SK boards for the 8X800, and it 
appears to have the necessary features, includ- 
ing bidirectional I/O ports. Most significantly, it 
has the speed to exercise 1-chip-~C emulators 
like the COP 402 at their full clock rates for 
real-time prototyping: The 8X300 can accept I/O 
data, manipulate it and send it out again in one 
250-nsec cycle. 

With a fast uP like the 8X300, you should be 
able to run short FETCH A-type loops in real 
time and longer FETCH B-type loops at close to 
real time, because low-end single-chip wCs aren’t 
particularly fast—they don’t have to be. Al- 
though many of the COP 400-family devices can 


operate with 4-usec instruction cycles, in some_ 


designs they might run at only 16 usec. In fact, 
the fastest instruction cycle specified for the 
family’s low-power NMOS versions and ultra 
low-power CMOS versions is only 16 wsec—a 
figure that should give the 8X300 all the time it 
would need to interface with the 402. 


Controller design on the way 

In our next article, we’ll show how the 402 can 
serve as a general-purpose industrial controller, 
either by itself (with a PROM for the program 
memory) or as a Slave to a midrange wP such as 
the 8080 (in which case we’ll use Mostek’s 
MK4118 1kx8 RAM or Intel’s 8185 1kx8 unit asa 


downloaded program memory). Unlike most 1- 
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Molded 
Assemblies 
from Tricon 


If you buy, specify or use metal and plastic 
combinations in your business, you should 
get to know the people at Tricon. We’re 
specialists in the fine art of custom insert 
molding. 


We may be able to help you take a hard look 
at your assembly combinations and answer 
two key questions: ‘Is there a way to make 
them at a lower cost?’ and ‘Is there a way to 
make them function better?’ 


We invite you to write for our handy booklets 
on Molded Assemblies and Custom 
Switches. Or call us for problem-solving 
consultation about your assembly 
combinations. 


It may be the start of a great relationship. 


TRICON INDUSTRIES, INC. 
2325 Wisconsin Avenue 
Downers Grove, Illinois 60515 
Phone: (312) 964-2330 

Telex: 72-1592 


For more information, Circle No 52 


A bipolar host could allow real- 
time operation of the target uC 


chip-wC emulator parts, the 402 has a reasonable 
price tag (it costs just $7.50 in single quantity), so 
the systems we’ll discuss will be practical for 
both actual short-run production and as proto- 
types for mass-produced, true 1-chlp uwCs with 
on-board ROM. EDN 
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Promote yourself 


You know you’re good, but does anyone else? 

To advance in your career and be better 
rewarded for your accomplishments, you must 
first capture the attention of management. 
Writing technical articles for EDN, the leading 
electronics trade journal, quickly gives you 
higher visibility. 

As an EDN author, you gain _ personally 
because our 220,000 direct and pass-along 
readers will recognize and learn from your 
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Ryton gives an electric performance 
in living color. 


Ryton® polyphenylene sulfide resins. What great performers in all 
kinds of electronic applications. 


Ryton resins enjoy UL 94 V-O and 5V flammability ratings, with- 
out additives. They are the only thermoplastic molding compounds 
with a UL Temperature Index as high as 200° C. (392° F.). And 
where high voltages are a requirement, Ryton resins with a high arc 
resistance and low tracking rate are available. Stiffness and dimen- 
sional stability will give you production efficiencies (heat distortion 
temperature at 264 psi is over 260° C.). Chemical resistance is no 
problem since Ryton has no known solvents under 200° C. Ryton 
resins are also available in a range of colors. 


Ryton molds with great ease and economy. At 325° C,, it flows 
into injection molds with the smoothness of a 3 to 4 melt high density 
polyethylene at 260° C., making it ideal for small, intricate molds 
and thin wall sections. As for economy, don’t throw away your Ryton 
sprues and runners. Just recycle them. 

Learn more about this versatile engineering plastic and its appli- 
cation to your products and problems. For quick action from the 


Ryton Sales Engineer nearest you call our Phillips Engineering 
Plastics Office toll free . . . 800 231-3630 (In Texas 800 392-3716). 


Ryton engineering plastics perform. 


Phillips also produces K-Resin® butadiene styrene 
polymers and Marlex® polyolefin resins. Call 
toll free 800 231-1212 (In Texas 800 392-2078). 


PHILLIPS CHEMICAL COMPANY 


A DIVISION OF PHILLIPS PETROLEUM COMPANY 


capacitors 


More and more engineers are specifying Varadyne 
axial-leaded monolithic ceramic capacitors. No wonder. 

They have discovered that our axial capacitors 
actually deliver the superior performance that our design 
specifications promise. There are good reasons why. 

Every unit is glass-encapsulated — hermetically 
sealed to ensure the reliability of the basic monolithic 
element. Further, our exclusive manufacturing processes 
result in a product that meets the applicable military. 
environmental requirements and passes a 10-pound 
lead-pull test for terminal strength. Yet, with all their quality 
and the protection they offer, Varadyne glass-encapsulated 
Capacitors are still priced about the same as those plain 
epoxy models. Not bad. 

These Varadyne axials are available in a full 
spectrum of capacitances from 10 pf to .56 mFd with the 


eramic 


three most popular dielectric formulations -COG, X7R, 
and ZSU. They are offered in loose pack for manual 
assembly, in ammo-pack, or in tape and reel packages 
for automatic insertion, and color coding can be provided. 
When inserted with equipment like USM or Universal — 
axial capacitors can cost you less on the board than 

the cheaper radials. 

Although we're proud of our axials, we also make 
a full line of ceramic radial and chip capacitors as well 
as cermet thick-film chip resistors. 

For a copy of our Product Catalog, use the reader 
service number. For immediate action, call your local 
Varadyne representative or distributor, or call us directly. 
Varadyne Industries, Inc., 1520 Cloverfield Boulevard, 
santa Monica, California 90404 (213) 829-2984 
TWX (910) 343-6856. 


2S 
Se 
=== 


For more information, Circle No 54 
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Improved unity-gain follower 


delivers fast, stable response 


Although unity-gain followers have served as buffers for some 
time, the problems associated with driving high-capacitance loads 
still plague designers. Here's a simple solution to stability and 


speed limitations. 


Robert A Pease, National Semiconductor Corp 


Heavy load capacitance can cause the output of a 
unity-gain follower—an operational amplifier 
with direct feedback to the inverting input (Fig 
1)—to ring and oscillate. The LM110 follower, for 
example, normally drives a 50-pF load without 
problems, but it does not drive 500 pF stably— 
high capacitance significantly modifies the 
open-loop output impedance, reducing the phase 
margin to zero and causing oscillation. 

You can easily eliminate such instability prob- 
lems by adding a capacitor and resistor in series 
across the op amp’s inverting and noninverting 
inputs. This solution can also greatly improve a 
follower’s slew rate. 


Analyze the problem 

In general, increasing the ac noise gain of an 
op amp’s feedback network improves capacitive- 
load tolerance. A common gain-increasing strate- 
gy adds R,~R,/10 to the circuit shown in Fig 2.(A 
moderate-value capacitor, C,, usually inserted in 
series with R., prevents the dc noise gain from 
also increasing and degrading dc-offset, drift and 
accuracy specifications.) 


Fig 1—A unity-gain follower driving a capacitive load can 
have stability problems. 
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If the op amp has a 1-MHz gain-bandwidth 
product and R,=R,, the closed-loop frequency 
response will be 500 kHz. Inserting R.=R,/10 
drops this frequency response to 90 kHz, where 
the amplifier usually tolerates a much larger 
capacitive load. AC noise gain equals (R,/ 
R,)+(R,-/R,)+ 1, and de noise gain is (R,;/R,)+1. 

You can also increase ac noise gain by install- 
ing R, and C; instead of R, and C,. The resulting 
value is 

[1+(R,/R,) IIR, +Rs3)/R3]+(Re/Rs). 
In the simplest case, R, forms an open circuit, 
and ac noise gain equals 
(R,/R3)+(Rp/Rs)+1. 
Therefore, you can raise ac noise gain by using a 
low value for R; and a high value for R, and/or 
Re. 


The solution follows 


For the particular case of a unity-gain follow- 
er, R,; is normally 0Q as shown in Fig 3. According 
to the foregoing general analysis, if the value of 
Rx, is low, ac noise gain is (R,/R;)+1, so you can 
increase ac noise gain—and therefore stability— 
by adding a large R, and a small R;. (A large and 
constant R, can make R, unnecessary; ac noise 


Fig 2—Compare two methods of stabilizing an operation- 
al amplifier: Add R, and C, or R; and C3. 
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Adding a series capacitor and 
resistor improves stability 


gain is then (R,/R;)+ 1.) 

With LM110/LM310s, for example, 10k is an 
appropriate value for R,. Using R;=3.38k and 
C;=200 pF, the LM110 stably drives capacitive 
loads up to 600 pF. 


Technique speeds followers 


You can also wire the resistor/capacitor combi- 
nation across an op amp’s inputs to increase the 


iain ieaprercpenae ce has | 


Fig 3—Stabilizing a unity-gain follower for a capacitive 
load is simple. (The R, and C, of Fig 2 are shown here as 
R; and C;.) 


Fig 4—A unity-gain follower with fast slew rate resu/ts 
from stabilizing an LF357 decompensated op amp by 
raising noise gain. 


Roi tc. ae Seo” ee 


Fig 5—A fast follower employs balanced resistors: 
Rs+ R= Ap. 
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follower’s slew rate. For example, an LF357 op 
amp’s decompensation with a small internal 
capacitor normally requires gains higher than 
five to maintain stability (Fig 4). But the LF357 
fits unity-gain-follower applications as easily as 
the LF356 (which is identical to the 357 except for 
the 3856’s internal compensation) and achieves 
better results. When source resistance is less 
than 1k, both the LF357 and 356 provide fast, 
stable responses, but the 857 has a 50V/usec slew 
rate (typical) compared with 12V/ysee for a 356. 

The LM349 decompensated quad op amp fur- 
nishes a bipolar input stage with a finite bias 
current (200 nA max). For best results in this 
application, add the resistor that controls the 
noise gain equally to the inverting and nonin- 
verting inputs as shown in Fig 5. With this 
circuit, the LM349 can slew at 2V/ysec typ and 
handles audio signals much faster—and without 
distortion—than the compensated LM348 (which, 
at 0.5V/ysec, slews only as fast as the general- 
purpose LM741). You can use the same approach 
for an LM101 by employing a 5-pF damping 
capacitor. | 


Watch for problems 


While inserting a resistor/capacitor combina- 
tion across the inputs gives faster slewing, the 
circuit’s handwidth could degrade if source im- 
pedance (Rg) increases. In addition to guarding 
against bandwidth problems, make sure ac noise 
doesn’t reach an objectionable level when you 
raise ac noise gain. Although most modern op 
amps exhibit low noise, raising that noise gain to 
10 can significantly increase output noise. 

If the series capacitor across the op amp’s 
inputs is larger than necessary for stability and 
high slew-rate purposes, noise increases unnec- 
essarily. In general, choose the minimum capaci- 
tance for the circuit in Fig 3 according to the 
following formula (where f,=op amp’s unity-gain 
bandwidth): 

C,min=4[1+(R,/Rs)]/27R;f,=(Ry+ R5)/(7/2)£,(R;). 
To allow for tolerance variations, make C.,’s 
circuit value two ar three times C;min. 
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Reduce noise, downtime, expense. 
New thermal printer assemblies. 
From Texas Instruments. 


Whatévet you’re designing, if it 
requires a printout, you’ll want to 
take a closer look at TI’s new 


EPN9120 and 9112 thermal printer 
assemblies. 


Goodbye, mechanical 
Gone: The jumble of hammers and 
ribbons and springs that make 
mechanical printers work. Done 
away with: The inks and chemicals 
that add up to downtime and 
expense. 


Hello, thermal 
Now you can get sharp, clear, crisp, 
dry and permanent characters pro- 
duced instantly. Thermally. Silent- 
ly. And economically. 

Offering 20 and 12-character, full- 
alphanumeric capabilities respec- 
tively, the EPN9120 and 9112 ther- 
mal printer assemblies utilize a 
silicon integrated circuit beam- 
lead technology to print lines of 5 
dots for each character. 


© 1979 Texas Instruments Incorporated 
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A stepping motor advances the 
paper to form 7 dots per column, 
and the result is a 5x7 dot-matrix. 

In addition, both devices feature 
a low peak-power requirement, 
making them ideally suited for bat- 
tery powered applications. 


EPN9120 and 9112 features 


¢ Silent operation 

¢ Hard copy printout 

«Small size 

¢ Low systems costs 

¢ Light weight 

¢ Low power requirements 

¢ Ribbonless, inkless permanent 
printing, without chemicals 

¢ Silicon integrated circuit beam- 
lead technology 

¢ Few mechanical parts 

Solid-state reliability 


; Turn to Tl 


Now’s the time to consider break- 
ing the traditional shackles of 


TEXAS INSTRUMENTS 


INCORPORATED | 
For more information, Circle No 55 


noise, downtime and expense in- 
herent in mechanical printing. 
Now’s the time to consider a hard 
copy capability with a minimum 
of power consumption, plus, solid- 
state reliability. 

Now’s the time to turn to TI. 


Field-proven reliability 
The EPN9120 and 9112 thermal 
printer assemblies are similar to 


those currently in use in such pop- 
ular TI electronic calculators as 


the SR-60A, TI-5040 and TI-5050M. 

Thermal printer assemblies from 
Texas Instruments. An effective, 
efficient, economical and produc- 
tive solution to high-speed, high- 
quality printing. 

For more information, contact 
your nearest authorized TI distrib- 
utor. Or write: Texas O 
Instruments, P.O. Box 
225012, M/S 308, Dal- 
las, Texas 75265. 
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Efficient and effective uC testing 
requires careful preplanning 


You might be surprised to find that creating testable microcomput- 
ers requires less design effort than configuring their random-log- 


ic equivalents. 


Edward S Donn and Michael D Lippman, 
Fluke Trendar Corp 


uC testing, like wC designing, can be very 
confusing until you examine the partitioning 
between component, module and system testing; 
the use of LSI has thoroughly blurred the 
differences between these test categories. Test 
engineers must now ask whether they should use 
system-test techniques on boards and compo- 
nents, or whether component-test techniques can 
function at the system level. It’s even appropri- 
ate to ask whether or not it would be best to start 
from scratch and develop special algorithms for 
testing wCs. Add the question of how to achieve 
compatibility among testing in the lab, in produc- 
tion settings and in the field, and you really have 
a puzzle. 

To get some useful answers, this article will 
review the established techniques available in 
production testing to see how well they can be 
applied to uwCs. Then it will examine and discuss 
some of the merits of system testing vs circuit 
testing. Finally, it will focus on self test—a 
technique particularly suited to uCs. 


Testing: the sword overhead 


Microcomputers present very complex 
debugging problems—and so require dedicated, 
simple solutions. Attempting to find flexible, 
general-purpose approaches to wC debugging 
that also apply to random logic only compounds 
the complexity instead of solving the problem. 

Furthermore, recourse to conventional trou- 
bleshooting tools and techniques can prove inef- 
fective. A scope, for example, while useful for 
troubleshooting amplifiers, can’t always serve to 
troubleshoot a wC in the lab, where a develop- 
ment system is called for. And if you try to use a 
development system in a production setting— 
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when you really need a production tester with 
automatic-diagnosis capability—production will 
stop while the technicians try desperately to 
become computer scientists. 

Microcomputers make timing and noise- 
Margin considerations especially important be- 
cause they contain complex switching circuitry 
and have narrow internal spec ranges. If ywC- 
based designs reach the production stage with 
such timing or noise problems still evident, they 
can defy the diagnostic algorithms of even the 


INCOMING PARTS 


COMPONENTS 
MEET SPEC 


BOARD 
ASSEMBLY 


PRINTED CIRCUITS, 
SOLDERING, 


LOADING GOOD 
REWORK 


COMPONENTS 
WORK TOGETHER 


SYSTEM 
ASSEMBLY 


. EVERYTHING 
WORKS TOGETHER 


SHIP 


Fig 1—Production testing follows this sequence. 
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Intensive component and board 
testing saves system-level grief 


best automatic testers and might require manual 
troubleshooting with a scope. But once problems 
of this sort have been eliminated in the lab, 
Subsequent production testing seldom requires 
tools such as development systems and logic- 
state analyzers. 

Production testing divides into four major 
groups: component, in-circuit, functional and 
system. Component testing serves to verify logic 
function, de parameters and timing perform- 
ance; in-circuit testing checks out interconnec- 
tions, parts placement and parts function; func- 
tional testing verifies an assembled board’s logic 
functions; and system testing assesses the logic 
functions of the entire circuit-board ensemble 
(system). Generally, the production-test se- 
quence follows the pattern diagrammed in Fig 1. 


Component testing: nipping trouble in the bud 

The basic reason for performing intensive 
component-level testing is that achieving this 
level of control becomes unfeasible at the 
circuit-board or system level. And at those 
Stages, marginal components readily foil the 
diagnostic algorithms of higher level testers. 

Looking at the component manufacturer’s test 
costs, it’s easy to see why you can’t expect 100% 
yield on incoming parts. After all, 1 sec of testing 
per device represents just about the maximum 
practical time the manufacturer can afford in 
high-volume production, yet for your use a part 
might require more like 15 to 30 sec of exhaustive 
tests. 

A recently introduced component tester, the 
Megatest Q8000 (Refs 1, 2), lets you evaluate LSI 
or VLSI devices in the manner in which they 
operate in your system. By enlisting as a func- 


Fig 2—Heralding the self-test capability of future instrumenta- 
tion are the Fluke Model 8502A DMM (a) and Commodore PET 
personal computer (b). 
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tional reference a device identical to the one 
under test and using a special pipeline technique 
to measure analog parameters, this tester lets 
you run 10-MHz patterns at a cost an order of 
magnitude lower than possible with stored- 
program testers. Such real-time testing both 
increases throughput by an order of magnitude 
and proves effective in finding speed and 
pattern-sensitivity problems. 


Components OK, but does the circuit operate? 


When component problems have been eliminat- 
ed by testing, the next set of glitches will 
probably appear as ‘“‘process’’ errors: open 
printed-circuit traces, solder shorts or misloaded 
(or missing’) components. 

In-circuit testers locate such problems by 
contacting all of a board’s circuit nodes with a 
fixture of precisely located, spring-loaded pins 
(usually dubbed a “bed of nails’’). A relay matrix 
selects sets of two, three or four nodes for 
reading by automated instruments, which in 
turn use a small voltage stimulus to identify 
opens, shorts or incorrect resistances and/or 
impedances. 


Process errors constitute 50 to 70% of total 
system faults, so in-circuit testing can identify 
many problems at once. Often, in fact, this 
testing stage can list all the circuit faults—both 
analog and digital—in one pass, thus speeding up 
the functional testing that follows by removing 
many simple faults. 

Programming in-circuit testers requires little 
effort, for it consists of entering—manually or 
automatically—topological files from known 
good boards. The most difficult task associated 
with an in-circuit tester is fabricating and 
maintaining its bed of nails. This fixture’s 


hundreds of precision pins and connections, plus 
the pneumatic holding setup, provide many 
chances for contact problems. Then, too, each 
board type must have its own fixture, which 


BER 
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must be revised for every board change. 

Useful and effective in-circuit testing requires 
compromises—among them the need for elemen- 
tal function tests to permit the checking of 
digital components for loading and function. »Cs, 
with their bused dynamic LSI, can quickly 
confound an in-circuit test’s inherent simplicity. 


Functional testing proves a product works 


The quantum jump in integration provided by 
LSI makes functional testing of new uC boards 
similar to system tests performed on computers a 
few years ago. An added requirement calls for 
accurate diagnostics that can work when all 
components (which represent circuitry that for- 
merly occupied whole boards) are soldered into 
place and working at their normal rated speed. 

You can’t elect to check the components in an 
isolated manner via sockets or electronic switch- 
ing, because a functional test requires diagnos- 


DIAGNOSTIC 


START 


TURN LED OFF 
FAILED DIAGNOSTIC 


STOP LOOP 
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ing faults in the connected ensemble. Neither can 
you check the ensemble by slowly stepping the 
system clock, for the most important faults are 
caused by high-speed system functions; dynamic 
LSI components won’t even function at low 
speeds. It’s thus not surprising that while only 10 
to 30% of a wC-based system’s total faults fall 
into the functional category, finding them can 
account for 50% or more of the total testing and 
repair costs. 


Theoretical or pragmatic functional tests? 


The high level of uC integration requires not 
only an improvement in diagnostic algorithms 
for functional tests, but also a choice between 
testing for theoretical performance and for the 
application (Ref 3). Memories, for example, can be 
tested by checking their ability to read and write 
a complex set of patterns or by examining a 
model of their circuit design. As today’s ICs 
achieve the complexity of yesterday’s computers, 
the application-testing approach becomes easier, 
while circuit modeling becomes exponentially 
more complex. 7 

Not only are LSI devices and nCs complex to 
model functionally, they also spawn a wide 
variety of common fault mechanisms (such as 
intermittent and dynamic failures) that defy 
deductive modeling altogether. For this reason, 
computer systems on boards or in mainframes 


FF43 ;@@¢ TEST IEEE-488 INTERFACE 

FF43 ; 

FF43 A6 O00 BIEE LDX 0O 

E45. -.-86 «22 £8 BIEE1 .STX EEO 

FF46 EC 20° E8 CPX IEE 

FR4B.:. D0: FE BF21 BNE BF21 IEEE DATA LINE FAIL 
FF4D E8 INX 

FF4E DO F5 BNE BIEE1 

FF50 2C 20 E8 BIT. IEE! 

FF53 AQ FB LDA #$FB 

FF55 8D 40 E8 STA PIA 

Fe58. 26° 21. E8 BIT. JEEIS 

FF5B 10°: FE BF22° BPL -.BF22 ATN FAIL 

FF5D 2C 40 E8 BIT PIA 

FF6O.. 50> FE B23 BVC: BFZ3 NRFD STUCK LOW FAIL 
FF62 4A LSR A 

FF63 8D 40 E8 STA PIA 

FF66 2C 40 E8 BIT PIA 

eres Fo. FE | BF24 BVS BF24 NRFD STUCK HIGH FAIL 
FF6B #0.° FE BP25° *' BPE: BP 25 DAV STUCK LOW FAIL 
FF6ED AQ 34 LDA #$34 

Pror ---8D'23. E8 STA  IEEOS 

FF72 AD 40 E8 LDA PIA 

FF75 30 FE BF 26 BMI BF26 DAV STUCK HIGH FAIL 


FF77 4A LSR A 


FF78 90. FE BF27 BCC BF27 NDAC STUCK LOW FAIL 
FF7A AQ 34 LDA #$34 
FF7C 80:=21,.:-£8 STA IEEIS 


FF7F 4E 40 E8 LSR_ PIA 


FF82 BO FE BF28 BCS BF28 NDAC STUCK HIGH FAIL 
FF84 AQ 02 LDA #2 

FF 86 8D 43 E8 STA P2DA 

FF89 8D 41 E8 STA SYNC 

FF8C Za 10" E8 BIT =PIAL 

FF8F a0. FE BF30 BVC_ BF30 EO! STUCK LOW FAIL 
FFQ1 8E 41 E8 STX SYNC 

FFQ4 4010 --E8 BIT = PIAL 

FFQ7 50 05 BVC BLED 

FF99 EA NOP 

FFQOA EA NOP 


Fig 3—The diagnostic self-test program of the Commo- 
dore PET serves as that computer's sole GO/NO-GO 
production test. A portion of the program appears here. 
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Combining system and functional 
testing cuts costs and leadtime 


receive final application-program testing as com- 
puters, not as collections of circuit models capa- 
ble of a limited failure repertoire. In this sense, 
functional testing and system testing can be 
combined, with a variety of advantages. 

Advances are occurring in the computer model- 
ing of complex LSI devices, however. GenRad 
recently announced a Simulation Control Lan- 
guage (SCL) (Refs 4, 5) capable of modeling the 
8080, 6800 and 2900 wPs and their support 
devices. This language can also model any new 
LSI device, including proprietary circuits. Final- 
ly, Fluke Trendar’s advanced sequential diagnos- 
tic algorithm (Ref 6) can resolve failures on 
bus-connected uC boards while running real-time 
applications or self-test programs of arbitrary 
length. 


System testing: easier, but with tradeoffs 


Getting the most out of a uwC’s final system 
testing requires putting the test program into an 
inexpensive, on-board ROM. The result? Built-in 
functional and system self test that’s useful not 
only for production testing, but also for field test, 
customer verification and even lab evaluation. 

The self-test capability proves especially im- 
portant in the field, for there wCs fall into the 
hands of nontechnical people. The standard 
field-service approach today involves swapping 
boards until the failure clears up, then sending 
the suspect (“bad’’) boards back to the factory for 
repair. The resulting board inventory can be- 
come expensive, so many test-equipment manu- 
facturers now offer instruments dedicated to 
field service. 

Many approaches to the design of such instru- 
ments have emerged. Miniature board testers 
marketed by Omnicomp, GenRad and Bendix 
operate much like the production testers already 
described. Other companies offer signature test- 
ing, using either transition counting or cyclic 
redundancy checks—Data Test pioneered the 
former, Hewlett-Packard the latter, and Millen- 
nium Systems has added the power of triggered 
signatures and emulation to extend the tech- 
nique. Going a bit further, Paratronics has 
opened up the interesting possibility of achieving 
remote-control diagnosis through data communi- 
cations, while Tektronix and Data Test offer 
transition-counting signature testers that also 
measure every common analog parameter in- 
cluding the line voltage. Finally, Intel offers a 
logic-state analyzer with emulation capability. 

It’s too early to tell which of these approaches 
will prove most useful, but one thing is certain: 
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Fig 4—Large mainframe computers, such as the DEC VAX- 
11/780, incorporate extensive diagnostic hardware to provide 
considerable diagnostic resolution. 


On-board self-test capability is essential. Watch 
out, though, for hidden problems with techniques 
that count on the existence of a working trouble- 
shooting tree for the response test. And remem- 
ber that verification testing of a uC is easy, but 
relatively worthless. The trick is diagnosis. Also, 
beware of documentation implications. Ask your- 
self how expensive it will be to prepare the 
documentation for all your boards and to change 
that documentation in the field. 

By changing to a system orientation and 
thoroughly exercising the functions of a uC 
instead of its internal circuits, testing that uC 
becomes easier than testing random logic. wCs 
have highly systematic architectures that are 
easy to plan for, and the system bus provides a 
universal monitoring point for verification and 
diagnosis; the approach might someday replace 
edge-connector testing. Potentially, on-board in- 
telligence makes self testing and all its power 
available on every board in a system. A sequen- 
tial diagnostic algorithm and the move away 
from combinatorial circuits automatically reduce 
the amount of probing required to diagnose a 
board. Use of the system bus and new diagnostic 
algorithms could even reduce the need for bed- 
of-nails fixtures. 

For one good example of a self-test program, 
consider the Intellec microcomputer develop- 
ment system Diagnostic Confidence Test from 
Intel Corp (Ref 9). Loaded into a uC from a 
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diskette, this program sequentially checks the 
system CPU, RAM, TTY, CRT, diskette drives, 
line printer, paper-tape reader and paper-tape 
punch. It directly tests the CPU, RAM and 
diskette drive; the terminal, line printer and 
paper-tape reader/punch are tested through in- 
teraction with the operator, who provides inputs 
(eg, TTY keystrokes) and visually checks outputs 
(eg, a test message printed out on the line 
printer). The main use of the program is to verify 
that the user has hooked up the system properly 
and that all major subsystems are working. 

Another system in which self test serves to 
instill user confidence and find faulty modules is 
the Fluke Model 8520A digital multimeter (Ref 
10). When turned on, this instrument (Fig 2a) 
first determines which of its several optional 
modules are installed; thereafter, it periodically 
polls them for status information. Should a 
module known to be present fail to respond, or if 
it responds improperly, the instrument displays 
an error code. In addition, it identifies measure- 
ments that would require nonresident functional 
modules, as well as any invalid measurement 
limits and other operator errors, displaying an 
appropriate error code in each case. 

The built-in test program of the Commodore 
Business Machines PET computer (Fig 2b) is so 
complete that it serves as the sole GO/NO-GO test 
for that system’s production operation; ATE is 
only used to diagnose the NO-GO failures from 
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Fig 5—Three field-service-oriented instruments— the 
Hewlett-Packard Model 5004 signature analyzer (a), 
Intel ~Scope 820 (b) and Millennium SA (e)—are all 
designed for use with wC systems stimulated by self- 
test programs. 


self test. A 30-sec self test fully verifies proper 
operation of the CPU, 8k of RAM, I/O ports and 
video-display circuits, lighting an on-board LED 
upon successful completion. In addition to its 
production function, this self-test program (Fig 
3) provides an excellent field-verification test for 
use by nontechnical customers and sales person- 
nel. Written in 6502 assembly language, it only 
occupies 1k bytes of program memory. 


Ascertain failure cause & location 


These examples all point to self test as the 
most powerful technique for verifying proper 
operation of a wC-based system. But GO/NO-GO 
testing covers only half the problem—and by far 
the easier half. Once improper system function- 
ing has been ascertained, the cause of the failure 
must be determined. 

While all the self-test programs described so 
far have some diagnostic capability, their diag- 
nostic resolution is very low. They can identify a 
faulty major subsystem, but they certainly can’t 
diagnose faults down to the component level. 
Self-test, though, has also sometimes found use 
in large mainframe computers, where it provides 
much greater diagnostic resolution at the ex- 
pense of considerable additional diagnostic hard- 
ware. For example, the DEC VAX-11/780 (Fig 4) 


has extensive diagnostic hardware additions. 
It might thus appear that self test could only 


be a viable diagnostic tool for the largest wC 
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uCs require system-oriented, 
not circuit-oriented, testing 


products, but don’t be fooled by appearances. 
Designers are now realizing that it can serve 
smaller pC systems as well. 
There are two reasons for this realization: 
¢ Because of wCs’ extreme complexity, they 
require very long test sequences to illumi- 
nate enough of their potential faults. There 
is simply no practical way to generate or 
manage this volume of stimulus data except 
by resorting to a self-test program that runs 
on the system under test. 
¢ Many pC faults only occur in a complete 
system that runs at normal operating speed. 


A look at loopback test programs 


Written to verify the correct 
functioning of uC systems, 
loopback test programs divide 
into parallel and serial types. 

In a parallel-l/O loopback 
test, output ports are con- 
nected to input ports so that Bais 
data written to the parallel 
interface can be read back into 
the CPU and checked. You can 
make the loopback connec- 
tion with on-board jumpers or 
with a special edge-board test 
connector. 

The program tests all bits of 
both the output and input 
ports by ensuring that they 
respond to both LOW and 
HIGH signals. Although this 
test does not explicitly deter- 
mine whether an error exists in 
input or output, LSI parallel- 
interface chips (such as the 
6820 or 8155) do not require 
such verification so long as 
the faulty device is pinpointed. 

If the I/O ports are imple- 
mented with control signals 
for handshaking, you can also 
loop-back these control sig- 
nals. In that case, the test 
routine would have to follow 
the handshaking protocol. For 
example, writing data to the 
output might cause an inter- 
rupt, resulting in the input’s 
being read and compared. 

Basically, the serial loop- 
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Such soft (or dynamic) faults can result 
from the effects of noise, temperature or 
other parametric variations, and because 
they are intermittent and extremely depen- 
dent upon exact timing relationships, the 
only way to find them is to observe the 
system components communicating as the 
system functions normally. 

The payoffs of incorporating self test into a »C 
are thus widespread. One of them accrues be- 
cause the required test program is often already 
available as a result of the development process. 

Design engineers commonly verify that their 
uC systems function as intended by preparing a 
set of test routines to exercise each module as it 
is designed and debugged. One such routine 
might be a loopback test program that serves to 
prove that a serial or parallel interface performs 
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according to specifications. Gathering a collec- 
tion of such verification modules provides 
ready-made material for the product’s self-test 
program. 

But even if you can’t collect self-test software 
from the development effort, preparing it from 
scratch requires much less effort than writing a 
test program in the special language of an 
automatic tester. Familiarity holds the key here; 
self-test programs are written in the language of 
the system’s uP, by the designer who under- 
stands the system most fully, and on a develop- 
ment system with which that designer is very 
familiar. Furthermore, there is a far closer 
relationship between the self-test code and the 
operation of the system than between the ONEs 
and ZEROs specified in a tester program and the 
way the system functions. As a result, it’s much 


SERIAL LOOPBACK TEST 


PARALLEL 1/O (PIA) 


RS-232 RECEIVER 


INITIALIZE TEST - MESSAGE POINTER 


RS-232 DRIVER 


@) INTERNAL DEVICE 
LOOPBACK MODE | 
(EG, NATIONAL INS8250) 

@ EXTERNAL LOOPBACK 


easier to see how a particular piece of test code 
stimulates the system; greater fault coverage 
becomes easier to achieve. Also, because the test 
code relates more closely to the system’s struc- 
ture, it’s easier to modify the test program to 
allow for hardware revisions. In the future, IC 
vendors could supply portable, relocatable self- 
test code segments for each LSI device. Then, all 
a user will have to write will be special I/O tests. 


instruments complement self test 


Of course, a self-test program can’t single- 
handedly debug a uC system. New tools designed 
to work with that program must augment it. 

In response to the strong demand for such 
equipment, several new instruments have re- 
cently been introduced; each serves wC systems 
stimulated by self-test programs. Among these 


back test involves connecting 
the transmit output of a serial 
interface to the receive input. 
Many serial-interface ICs allow 
programming of a loopback 
mode in which the connection 
occurs internally—a _ con- 
figuration that allows testing 
of the serial-interface chip 
independently of its external 
circuitry. Once this test has 
been performed, the external 
circuitry, which usually con- 
sists of RS-232 drivers and 


incon receivers, can be similarly 
BOARD-EDGE) tested by means of an external 
: : i connector or jumper. 

The serial loopback pro- 
gram shown here polls a serial 
interface to determine when 
the transmitted character has 
been received. In-— an 
interrupt-driven interface, this 
polling process would be 
replaced by a state in which 

SERIAL 1/0 the processor waits for the 
ERROR 


YES 


TEST DONE 
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received-data-available inter- 
rupt. In response to this 
interrupt, the received data 
would be read and compared 
with the transmitted data. Note 
that some modem-control sig- 
nals might have to be either 
looped-back externally or 
strapped to active levels to 
allow loopback to occur. 
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uPs readily provide stimuli 
for uC self-test programs 


instruments are Hewlett-Packard’s Model 5004 
signature analyzer (Ref 12), the Intel pScope 820 
and the Millennium pSA (Ref 13) (Fig 5). For 
further information on the operation of this class 
of instruments, see EDN, October 5, 1978, pgs 
89-99. 

Unlike these instruments, which are designed 
primarily for field service, Fluke Trendar’s 
Model 3040A Logictester (Fig 6) addresses pro- 
duction needs. It employs a sequential diagnostic 
algorithm (SDA) to locate system faults through 
the use of self-test stimuli. Basically a hardware 
comparison tester, it relates the unit under test 
to a known good reference; both systems run at 
real-time speed. Thus the tester can find the first 
failure to occur as the system under test runs its 
self-test program. The SDA identifies—through 
uP address, data and status—which device was 
active on the system bus when the first failure 
occurred. The tester clips onto the system uP, 
which therefore need not be socketed. 


Design engineers take the stage 


The new instruments being developed around a 
self-test strategy should be a clear signal of the 
importance of this strategy. And as self test 
grows even more important, the job of providing 
test software will undoubtedly shift from the test 
engineer to the design engineer, who will have to 
understand the nature of the testing process in 
order to provide the most effective self-test 
programs. By following a few simple principles 
and guidelines, these designers can quickly and 
easily generate flexible, comprehensive and effi- 
cient self-test software: 

¢ Usually, you can include self-test code along 

with the application program. It doesn’t 
take up much space, and making it-resident 
on the pC board increases its usefulness in 
production and in the field. Also, executing 
the self-test program every time the system 
is turned on is a good way to build customer 
confidence. If resident self test is not 
feasible, though, you can build-in a socket 
for a test-program ROM; then production 
workers and field-service personnel can 
easily add the test program to the system. 
And if you can’t justify even an empty 
socket and the address decoding to go with 
it, provide a means by which a tester can 
disable the system-address decoder. Then a 
self-test program can be overlayed onto the 
tested system’s memory space. 

¢ Provide a way to selectively run the self 

test. Running it automatically at power-on 


104 


Fig 6—Clipping onto the system uP, Fluke Trendar’s Model 
3040A Logictester employs a sequential diagnostic algorithm to 
locate system faults illuminated by self-test stimuli. 


Fig 7—Proper |/O-port design a//ows the routing of outputs on 
the Commodore PET’s board back to inputs by means of a 


EDN FEBRUARY 20, 1979 


System-independent test modules 


Many software functions de- 
pend not on the specific 
application, but rather on the 
processor on which that appli- 
cation runs. They thus lend 
themselves to use in self-test 
programs. 

The RAM-test module 
shown here is a good example 
of such a system-independent 
test module. Once parameters 
defining the starting and 
ending locations have been 
specified, it can serve any 
8080-based system. 

This memory-test routine 
propagates a checkerboard 
pattern through memory. After 


INITIALIZE TEST 
PATTERN TO 55 HEX 


this test pattern is written into 
the memory, the current mem- 
ory location is compared with 
the test pattern via an exclu- 
sive OR—a procedure that 
results in the appearance in 
the accumulator of a bit map 
of the failing-bit locations. 
When a fault is found, the 
memory pointer in the HL 
register pair points to the 
faulty tocation. Both 55,, and 
AA, serve as test patterns to 
ensure that each location is 
tested for both a ONE and a 
ZERO. 


System-independent test 
modules provide an excel- 
PTRIN: 
MEMWRT: 
MEMORY ERROR 
e MEMORY POINTER 
LOCATES FAULTY MEMERR: 
LOCATION 
e ACCUMULATOR 
SHOWS BAD 
BIT LOCATIONS TSTDON: 
STADR: 
ENDL: 
ENDH: 
RAM: 
RAMEND: 


TEST DONE 


DEDICATED STORAGE LOCATIONS 
MEMORY START ADDRESS—2 BYTES 
MEMORY END ADDRESS + 1—2 BYTES 
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lent opportunity to reduce 
test-programming costs. The 
only cost for using this 
approach is setting up and 
following a convention for 
passing system-related pa- 
rameters to the test module. In 
this example, that process is 
implemented by reassembling 
the test module with address- 
es RAM: and RAMEND,, suita- 
bly positioned for the particu- 
lar system. Other techniques, 
such as passing parameters 
from the main self-test pro- 
gram'to a system-independent 
subroutine, are also possible. 


MVI_ B, 55H INIT TST PATT. 
LXI H,STADR- ;INITMEMPTR 
MOV M,B ‘WRITE MEM 
MOV A,B ;PATTERN=> A. 
XRA M ;CMP WITH MEM 
JNZ MEMERR- JUMP IF # 
INX H ;INCR MEM PTR 
LDA ENDH ;LOAD END ADDR HI 
CMP H ;CMP WITH PTR HI 
JNZ MEMWRT ;LOOP IF + 
LDA ENDL ;LOAD END ADDR LO 
CMP H ;CMP WITH PTR LO 
JNZ MEMWRT ;LOOP IF + 
MOV A,B ;LOAD PATTERN 
CPI gAAH 1S 1T AA HEX? 
JZ TSTDON ~ ;IF SO, TEST DONE 
MVI B,¢AAH  ;PATTERN=AA HEX 
JMP  PTRIN ;D0 IT AGAIN 
;PROCESS 
;MEMORY 
;ERROR 
;CONTINUE 
DW RAM START ADDR 
DW RAMEND’ ;END ADDR+1 
ORG *=1 
ORG RAMLOC | THESE ARE 
N THE SYSTEM- 
DEPENDENT 
PARAMETERS 
DS START OF RAM 


N BYTES LONG 
;END OF RAM+1 
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Self-test software often comes 
from the development effort 


is a good idea to check out some of the 
system components such as CPU, ROM and 
RAM. Adding a self-test switch or a special 
jumper lets service personnel access the self 
test when needed. 

Design I/O ports so that outputs can be 
routed back to inputs with a test connector 
(see Fig 7 for the way the Commodore PET 
board accomplishes this task). This ap- 
proach allows avery effective test of the I/O 
circuitry. 

Use built-in timer functions to check critical 
I/O timing signals. Routing these signals to 
timer inputs through the test connector lets 
you accurately measure timing parameters. 
wC systems are inherently partitioned by 
the way I/O or addressed memory is as- 
signed to system components. Modularize 
the self-test program according to this 
functional partitioning. Then structure the 
self test to examine one function at a time 
(eg, CPU test, RAM test, I/O port #1 test, 
I/O port #2 test, etc). This procedure lets 
you isolate faulty subsystems and compo- 


nents without allowing faulty responses to 
propagate through the entire system. 
Arrange self-test modules so they ean run 
continuously (to provide continuous stimuli 
for tracking down faults) or in sequence (for 
a full-verification test). 

Some test modules can be general-purpose 
ones, useful in many systems. Such modules 
include those for CPU test, RAM test and 
ROM test; they can serve all applications 
using a particular uP. 

Write application-program modules as sub- 
routines; you’ll then be able to call them 
from the self-test program and save code 
space. I/O-driver routines provide a good 
example of the type of subroutine that can 
reside in the application program and be 
used by the self-test program. 

Remember that all testing involves compar- 
ing the tested system with a reference that 
describes the way the system should work. 
This fact means that the tested system 
must start in a predetermined state. Design 
engineers have long been told to make sure 
that all of their hardware can be 
initialized—a fact that’s important in pC 
systems as well. Equally important, care 
must also be taken that all software memo- 
ry elements are initialized for testing pur- 


Existing 1/O routines aid in self test 


Self-test programs can be ples of such I/O driver routines be transmitted, deter- 
mine line status) 
Scan a keyboard 
Initiate a disc transfer or 
service an_- end-of- 
transfer interrupt 

e Initialize a PIA. 

Many other possibilities ex- 
ist. The key point is that by 
writing these commonly used 
routines as subroutines, you 
can call them from the test 
program and therefore don’t 
need to repeat them there. A 
side benefit of this procedure 
is that these subroutines are 
then easy to use in other 
system applications when 
common I/O devices or func- 
tions exist. 

Note that when application- 
program subroutines are used 
by a self-test program, their 
use should be preceded by a 
test of the program-memory 
elements in which they reside. 


shortened significantly if they are: 
have access to I/O routines ° 
that already exist in an 
application program. Exam- 


Service a serial interface 
(read a received charac- 
ter, write a character to 


SYSTEM MEMORY MAP 


APPLICATION PROGRAM 


WRITTEN AS 
SUBROUTINES 


SELF-TEST PROGRAM 
CALL !/O DRIVER #2 


RETURN 


1/0 DEVICE ADDRESSES 
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poses. As a general rule, any storage loca- 
tion the processor can read must be written 
to before it is read. While this rule sounds 
simple enough, be careful of storage ele- 
ments that are read into the CPU implicitly 
as a result of processor operation or archi- 
tecture. For example, consider uninitialized 
processor-status bits (eg, carry, zero parity) 
that are pushed onto the stack on an 
interrupt and then read back into the CPU 
on return. While the programmer might not 
be explicitly aware of it, these uninitialized 
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gram of Underwriters’ Laboratories, Inc. ? 
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Analyze active-network responses 
without complex manipulations 


By using a “‘divide-and-conquer’”’ process to modularize the computa- 
tion of transfer functions, you can reduce calculations to the handling 
of simple first-order poles and resistive voltage-transfer ratios. 


A M Davis, San Jose State University 


Considering active networks’ well-known advan- 
tages of low cost, small size and easy mass 
fabrication, it’s safe to say that they are here to 
stay. Unfortunately, the use of op amps in such 
circuits tends to make their analysis by tradi- 
tional methods tedious and time consuming. 

However, there are ways to circumvent this 
difficulty. The method of analysis (Ref 1) dis- 
cussed in this article permits rapid calculation of 
the voltage-transfer function of active networks. 
It is an extremely intuitive, time-saving and 
simplified procedure consisting only of the analy- 
sis of a sequence of single-capacitor circuits. In 
fact, to make the required calculations, you need 
only deal with driving-point resistances and 
resistive networks’ voltage-transfer ratios, thus 
circumventing more complex calculations. And 
as a bonus, this analysis technique provides a 
way of quickly determining the filter type of a 
given network (high-pass, low-pass, etc)—a deter- 
mination that can often be accomplished by 
inspection of the circuit involved. 


Start with some basics 

As a preliminary stage in the analysis of 
multiple-capacitor networks, consider a network 
with a single capacitor (Fig la). The voltage- 
transfer function of such a network is 


H.s‘+-H,P 


Als) = s+P 


(1) 


where H,, is the high-frequency gain, H, is the de 
gain and P isthe pole. The form of the equation 
ean be justified by the following derivation. 

A single-capacitor network generates a single 
pole—Egq 1’s denominator is correct. By analyz- 
ing a resistive dead network (Fig 1b), you can 
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ACTIVE 
RESISTANCE 
NETWORK 


Fig 1—No complex manipulation is required to derive the 
final form of a single-capacitor-network transfer function 
(Eq 1). The parameters required for such a derivation can 
usually be determined by inspection. 
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No complex calculations needed 
to derive the transfer function 


then calculate the pole P (actually the negative 
of that pole) from 


1 
Ber ats 
If sis allowed to approach infinity (by shorting 
C), the high-frequency gain (H,,) must result. As 
is clear from Eq 1, this does occur. Similarly, 
letting s approach zero results in the de gain H,. 
The single-capacitor network of Fig le provides 
a good example of Eq 1’s_ practicality. By 
inspection, you can derive the three parameters 
required to determine H(s): H,=1, H,=1/2 and 
P=2000 rad/sec. Therefore, 


_ s + 1000 
H(s) = 5+ 2000 (2) 
Notice that no complex manipulation is required 
to immediately place the network transfer func- 
tion in this final form. 


Added capacitor presents no problem 


Now consider a circuit with two capacitors (Fig 
2a). Here 


@120,C.s? + (a,C, + a.oCo)s + ao 


Hie) = 5 SC,Ces? + @.C, + biCe + by 


(3) 


where the a and b coefficients are constants to be 
determined. The maximum order of the numera- 
tor and denominator is clearly two, and the only 
way to generate any such power of s 
is in conjunction with a capacitance in a Cxs 
product. Thus, the expression includes all possi- 
ble products of two capacitive admittances. The 
problem, therefore, reduces to evaluating the 
transfer function’s a and b coefficients (Ref 2). 
You can express the numerator coefficients in 
terms of those in the denominator by letting the 
capacitances C, and C, approach infinity or zero 
in value (the associated capacitors thus become 
shorts or open circuits, respectively). If you allow 
C, and C, to become infinite simultaneously, 
Aro = Hyebye (4) 
where H,, is the transfer function evaluated with 
C, and C, shorted. Similarly, letting C, become 
infinite and C, approach zero yields 


a, = H,b, (5) 
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where H, is the transfer function with C, shorted 
and C, open. Pursuing this technique further 
yields 


ag = H.b, (6) 


and 


Ay = Hobo (7) 
where H, is the transfer function with C, open 
and C, shorted, and H, is the transfer function 
with both capacitors open. 

You can evaluate the b coefficients by per- 
forming essentially the same short-circuiting 
and open-circuiting manipulations. Permitting C, 
to approach infinity while holding C, constant 
results in the characteristic polynomial 

bi2C.s + by. (8) 

To substantiate this derivation, look at the 
denominator of Eq 3. It’s clear that b, can be 
related to b,,. by 

b, = P3bi2Ce (9) 
where P) is the pole due to C, with C, shorted. 
Repeat this procedure for various capacitor 


ACTIVE 
RESISTANCE 
NETWORK 


Vour 


Fig 2—Dual-capacitor networks submit easily if you work 
with only one capacitor at a time while alternately 
shorting or opening the second device. This scheme 
dramatically simplifies the calculations of the transfer 
function’s (Eq 10) coefficients. 
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Miller effect clarifies active-filter analysis 


The Miller effect can come into 
play in either of two basic 
situations. In one (Fig a), an 
ideal amplifier with gain A has 
a resistor connected from the 
output back to the input. As 


shown in many standard 
textbooks (Ref 4), Fig b is an 
equivalent circuit. This equiva- 
lence can also be seen by 
noting that 


In a similar manner, if you 
write an expression for ly of 
Fig c (the second case), you 
can easily see that Fig d 
represents an equivalent cir- 
cuit in that case. 


Fig 3—The simplicity of the ‘‘divide-and-conquer” technique is borne out in the analysis of the classical 


active-filter circuit (a). 
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Resistive voltage-transfer ratios 
can be determined by inspection 


combinations to obtain 


rir. 
H,.s? + (H,P3} + H,P?)s + Hg or 


5 = PP, 


(10) 


Pi 
s? + (Pi + P?)s + or 
Ps P, 


Note that P3 is the pole due to C, with C, shorted 
and that P? is defined similarly. If a P has no 
superscript, the capacitor not referred to in its 
subscript is opened—as is the case, for example, 
with P,, where C, is opened. 

You can also determine the network filter type 
using these equations. Thus, for a given network, 
you can determine from Eq 10 that if 
H,=H,=H,=0, the network is a high-pass type; if 
H,.=H,=H,=0, it’s a low-pass type; if H,=H.=0 
but H,. and Hy, are nonzero, it’s a band-reject 
network, while if H,,=H,=0, the network is a 
bandpass type. These resistive voltage-transfer 
ratios can usually be determined by inspection of 
the network involved. 

A passive-network example (Fig 2b) clarifies 
the process. By inspection, H,,=H,=H,=1 and 
H,=1/2. Also P} =2000, P} =500, P,=1000 and 
P,= 290. Thus; 


s? + 1500s + 500,000 


Hs) > 32+ SR008 + 500,000. 


(11) 


Active-network analysis simplified 

Sallen and Key (Ref 3) were the first to present 
the classical active-filter topology of Fig 3a. 
Shorting both C, and C, results in H,,=0; shorting 
C, (Fig 3b) gives H,=0 by opening C,. Note that 
because the amplifier’s input and output voltage 
are the same, they both must equal zero. 
Shorting the input and looking away from C,, you 
get R»,=R,/(1-K)=2 kO, so P} =(1-K)/R.C, =25,000 
rad/sece. 

If you now short C, (Fig 3c), it becomes clear 
that H,=0 if you also open C,, and P?,=(R,+R.)/ 
R,R,C,=100,000 rad/sec. Finally, opening C, and 
C, gives H,=K=1/2. The equivalent of Fig 3d can 
serve for the calculation of P, and P,. 

Taking the Miller effect (see box) into consider- 
ation, R+,=(1-K)R,=5000 (note that R, is “float- 
ing”). In addition, P,=1/(1-K)R,C,=100,000 rad/ 
sec, and P,=1/(R,+R.)C.=25,000 rad/sec. Because 
H,»=H,=H,=0, this circuit (Fig 3a) is a low-pass 
filter with transfer function 
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1 
RiRsC,C. 
R, + =) x 1 
RRC; py a ON 


K 


a XK 
2 
‘ +(Eon+ 


» (12) 


or, for the values given, 


1.25 x 10° 


some ieer a 125,000s + 2.5 x 10° 


(13) 


The de gain is, therefore, 0.5. Other circuit 
parameters are: w)=55,000 rad/sec (7.96 kHz) and 
Q=0.4. EDN 
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SG vrectina a DMM isn’t simply a matter of 
looking for the highest accuracy. It’s a 
more complex process of deciding what 
features and performance characteristics 
you need, to do as many different jobs as 
you're likely to encounter. In short, versatil- 
ity is just as important as accuracy! 


The new 2830 digital multimeter from 
B&K-PRECISION has all the popular fea- 
tures you'd expect to find on a 3'2 digit lab 
DMM, but it also offers some very uncom- 
mon features. Because a DMM may be 
used under poor lighting conditions or in 
a very bright environment, the 2830 uses 
bright, high-efficiency 0.43” high LED 
digits. The readability of this premium dis- 
play is unmatched by other readout 
devices. 
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2630 DIGITAL MULTIMETER 
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The 2830 is also one of the very few DMM’s 
available with a 10 ohms range, capable of 
.01 ohm resolution. This range offers the 
user accurate resistance measurement of 
switch and point contacts, or motor or coil 
condition. AC and DC current measure- 
ment capability extends from 100 nA to 20 
amps without the need for external plug-in 
shunts. For voltage measurement, the 2830 
can resolve as little as 100 wV. For 
maximum versatility in resistance mea- 
surement, selectable high-/low-power 
ohms permits resistance measurement 
with or without forward biasing semicon- 
ductor junctions. 


The unit is housed in an attractive rugged 
cabinet which features a combination tilt 
stand/handle. Options include a battery 
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Model 2810 
$130 
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pack for field use and a carrying case. 


B&K-PRECISION’s 2810 DMM offers many 
of the features of the 2830 but in a more 
compact package and at a substantially 
lower price. Features include 100 pV, .01 
ohm resolution; high-/low-power ohms; 
autozeroing; high immunity to RF interfer- 
ence and complete portability. 


Free DMM Selection Guide 


A new B&K-PRECISION DMM selection 
guide is now available. This full-color 
brochure details features, applications 
and specifications. It also includes details 
of a new probe that turns any DMM into a 
digital thermometer. Send for your free 
copy today! 


DYNASCAN 
CORPORATION 


ptt PRECISION 


6460 W. Cortland Street - Chicago, IL 60635 + 312/889-9087 


In Canada: Atlas Electronics Ontario International Sales: Empire Exporters, Inc. 270 Newtown Road, Plainview, L.I., N.Y. 11803 
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We’re making LICs at a faster rate than ever. And 
we've loaded distributors’ shelves with the types you 
use most. That means you can get as much as you want. 
As fast as you want. At the right price! As always, RCA 
gives you high quality in every unit. Plus some options 
you won't find anywhere else. 


We've rushed plenty of product to distributors. 

They’re the most popular industry standards. 
Including 301 family, 307 family, 3240 family, 339 family, 
723, 741, 747, 748, 1458, 1558 family, 3046, 3068, 3401. 


Priced to move fast. 


RCA is committed to strong competitive pricing. So 
there’s no need to accept anything less than RCA quality. 
Gold CHIP: step-up in reliability at little cost. 

An RCA exclusive that gives you gold metalization 
and a hermetically sealed chip in a plastic package. At 
plastic prices. Over 25 Gold CHIP types include 301A, 
307, 324, 339, 555, 741,748, 1458, 3401, 3724, 3725. 
BiMOS op amps: big step-up in performance. 

Featuring better-than-bipolar characteristics at 
lower-than-Bifet prices, this RCA innovation is sweep- 
ing the field. And second sourcing is on the way. Our 
challenge: Compare the 3140 vs. the 741. The 3240 vs. 
the 747. Or the 3130 vs. just about anything. 

More popular choices, all winners. 

Variable op amps, A/D converters, and an array 
of arrays. All of them do specific jobs better. 

For more information, contact your local RCA 
Solid State distributor. Or contact RCA Solid State 
headquarters in Somerville, NJ; 1130 ¢¢m— 

Brussels, Belgium; Sunbury-on- 
Thames, Middlesex, England; 
Quickborn 2085, W. Germany; 

Ste.-Anne-de-Bellevue, , 
Quebec, Canada; Sao Paulo, 
Brazil; Tokyo, Japan. 
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\ IF WE CAN'T DELIVER YOUR SPACERS ON TIME, 
WE WON'T GIVE YOU A LOT OF EXCUSES IN 


Too many spacer manufacturers 
promise delivery dates they can’t live 
up to. 

If youre fed up with unreliable 
service, you ought to know that Johnson 
has begun offering a complete line 
of quality spacers. 

Johnson makes spacers from 
four materials—stainless steel, nylon, 
iridite-plated aluminum, and nickel- 
plated brass —each with unique properties 


for different applications. 
Johnson spacers 

are also available ge 

in a variety of 


AL 
® 


configurations and lengths from 4” to 6” 
And if you've ordered any of our 

other components before, you know that 

we deliver on time. If we can’t, we'll 

tell you before we take your order. No bull. 


&| JOHNSON 


| E.F. Johnson Company, Waseca, Minnesota 56093 
| LJ Please send your product catalog. 

| (J Please have your salesman call on me. 

| © Please send samples. 


Name 
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Some simple hardware techniques 


allow fail-safe LSI interfacing 


LSI-device designers don’t always construct their chips the way 
you design your circuits; understanding this fact can prevent 
serious system operating problems and/or failures. 


Carol A Ogdin, Consulting Editor 


Although LSI devices provide many advantages, 
using them effectively requires recognizing that 
you’re adopting someone else’s designs—a proce- 
dure that could cause problems if your design 
practices and the ones embodied in these devices 
don’t coincide. (See, for example, the editorial 
and guest editorial in EDN, December 15, 1978, 
pgs 19-22.) In extreme cases, you might have to 
forego using an LSI device entirely and rely 
instead on your own discrete-circuit designs. And 
in any case, you must understand the potential 
pitfalls LSI use can generate in interfaces. 


When power fails, take care 


One factor frequently overlooked in LSI-chip 
design is the need to interface two or more LSI 
devices powered from separate supplies. When a 
technician shuts off power to one side of such an 
interface, or when the power fails, your system 
must allow for the possibly catastrophic effects 
of this power-down. In extreme cases, the remote 
IC can self-destruct. 

But even if you don’t, worry about LSI-device 
failure in such a system, you must be concerned 
with the electromechanical equipment the sys- 
tem controls. It’s imperative in many process- 
and industrial-control applications, for example, 
that in the absence of logic power, the peripheral 
devices should revert to a benign state. Available 
LSI chips might not by themselves support this 
action, and using them might force you to adopt 
special hardware techniques. (Note that you 
can’t solve this problem with software, because 
the computer might lose power—preventing exe- 
eution of any instructions.) 

Consider, for example, a microcomputer that 
issues an active-LOW ON to a motor-control 
circuit. If properly designed, the circuit would 
force the solid-state relay controlling the motor 
to turn the motor off when unenergized. In Fig 1, 
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though, the circuit violates this fail-safe 
condition—if the computer loses power, ON is 
pulled to near ground, and the motor is left 
running. And if the motor controls a crane, the 
boom might swing around and hit somebody. 
Fail-safe operation thus requires that the 
resting or stop condition of a signal controlling a 
device should approach ground; ie, a disconnect- 
ed signal line should cause this control signal to 
remain LOW. But at the same time, the actions 
that occur at the connection’s far end should be 
invoked only with positive logic signals, and they 
should be producible only under the strictest of 
conditions. These two considerations are summa- 
rized as follows: 
Rule 1—Always use positive logic for control. 
Rule 2—Resting condition should be at ground. 
You can apply these rules easily when your 
interface circuitry is composed of SSI or MSI 
gates; however, an LSI device in the chain might 
necessitate doing some detective work to ensure 
fail-safe operation. The partial diagram in Fig 2, 
taken from a recent application, illustrates a 


REMOTE 
POWER SUPPLY 


COMPUTER 


Fig 1—This circuit violates fail-safe design rules and can 
cause a peripheral device controlled by the dc motor to 
move erratically if power fails. 


117 


LSI devices can complicate 
fail-safe design problems 


case in point. The computer in this system is an 
Intel iSBC 80/20 connected over a cable to a 
nearby digital-cassette-recorder controller. That 
controller, based on the 8741 universal program- 
mable interface, gets its power from a source 
other than the computer’s. The problem? Each 
time the computer’s power was turned off for the 
night, the 8741 would refuse to operate the next 
morning; it had died, and had to be replaced 
before system operation could resume. 

One possible solution to this problem was 
simple: Instruct the operator to always turn the 
power to the 8741 off before cutting the comput- 
er’s power. But that’s an unsatisfying (and risky) 
solution; a better one is possible. 
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Fig 2—The cassette-controller chip (8741) in this circuit self-destructed whenever the iSBC 80/20 computer was turned 


off while the interface was powered up. 


Fig 3—The pull-down resistor divider (a) holds an otherwise undriven level at logic ZERO. For TTL gates, the 
pull-down is unreasonably small (b), but CMOS allows a value large enough to prevent loading down of the 


preceding stages (c). 
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Beware of the unpowered lead 


Why was the 8741 destroying itself? Look 
carefully at Fig 2; the 8741 communicates with 
the computer through an 8-bit bidirectional data 
bus. Now consider three important 8741 control 
signals: CS, RD and WR (chip select, read and 
write, respectively). Holding CS and RD LOW 
enables the 8741’s drivers and produces data on 
the eight data lines; holding CS and WR LOW 
enables the receivers and allows the chip to 
accept data. The 8741 data sheet clearly states 
that RD and WR should not be simultaneously 
held LOW. : 

When the computer’s power is removed while 
power remains on the 8741, what signal levels 
prevail at CS, RD and WR? Ground, of course. 
Therefore, the 8741 is selected for both reading 
and writing—a clear violation of its design rules. 
Nevertheless, although the action might be 
confusing to the internal logic, and some strange 


CASSETTE CONTROLLER 
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results might be obtained, the part shouldn’t 
self-destruct—as it did. The cause must lie 
elsewhere. 

Analysis reveals that the 8741 was destroying 
its output buffers. Why? Observe that when 
turned off, the computer holds both CS and RD 
LOW—an action that produces no ill effects if 
computer power is present. But with no computer 
power, the 8741’s output drivers see a load 
composed of an unpowered 8226 Schottky-TTL- 
inverter input stage. Unfortunately, for all in- 
tents and purposes, this load looks like a diode 
connected to ground—a virtual dead short. It 
doesn’t take long for the large current flowing 
through that diode to exceed the drive capacity 
of the one or more 8741 data lines that happen to 
be at the logic-HIGH level. Within a couple of 
milliseconds, the heat buildup around the 8741’s 
output drivers causes catastrophic chip failure. 

The 8741 is clearly designed for direct connec- 
tion to a host computer—the data bus and control 
signals are all designed for compatibility with 
contemporary wPs. The part’s designers con- 
cerned themselves with increasing the ease of 
interfacing to a »P housed on the same circuit 
board and did not intend the chip to serve remote 
applications. But the solution to the problem is 
not difficult: Invert the control signals from the 
computer and mount the necessary inverters on 
the same circuit-card assembly as the 8741. 

With this modification, the control lines to the 


Fig 4—Using only positive logic for control signals 
protects the 8741 from being placed in an unacceptable 
State. 
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8741 circuit conform to Rule 1 (positive logic). But 
a TTL inverter, when its input is left unconnect- 
ed and floating, rapidly drifts into a state in 
which its output is held LOW—an action that 
doesn’t conform to Rule 2 (near ground). You 
should therefore design your circuit to ensure 
that even if the signal to the inverter’s input is 
disconnected, the input remains LOW—a status 
you can achieve with a pull-down resistor. 


CMOS to the rescue 


A pull-down resistor connected to a TTL input 
should be as large as possible to minimize 
current drain when the line’s logic level is HIGH, 
but should be as small as possible to provide firm 
pull-down. To ensure that the input to the 
inverter stays below 0.8V, you can insert a 
voltage divider (Fig 3a). Assuming a worst-case 
Vcc of 4.5V, R, must be at least 4.625 times as 
large as R,. Adding the inverter’s input-current 
demand (Fig 3b) establishes the maximum values 
for the resistors. 

Note that to sink the 1.6 mA demanded of a 
TTL input stage, R, can’t be larger than 500). Of 
course, an IC driver connected to such a circuit 
must supply the trivial input current demanded 
of the TTL inverter, plus the current drawn by 
the 5000 resistor to ground. To pull that inverter 
above 2V, the driver must source at least 4 mA 
(for greater margins, it must source a current 
closer to 8 mA). Certainly TTL drivers can 


PULL-DOWN 
NETWORK 


Fig 5—You can replace a 7437 inverter with a feed- 
through pull-down network on a component platform. 
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Disconnected TTL inverter 
inputs will float HIGH 


provide that much capability, but many MOS LSI 
devices cannot. 

If your driver cannot supply the 4 to 8 mA 
demanded of it in the logic-HIGH state, you can 
change the inverter to a CMOS device. Typically, 
the input-current demand of such a CMOS 
inverter is 10 pA; consider the absolute worst 
case to be 1 pA. To hold the input to the CMOS 
inverter in the logic-LOW condition, the pull- 
down resistor must keep that input below 30% of 
the supply voltage. A pull-down resistor of 1 M0 
proves quite sufficient for this purpose; any 
smaller value is acceptable. 

You can now revise the 8741 control circuitry 
as shown in Fig 4. This example implements the 
CMOS-inverter solution, using 500-k) resistors 
as pull-downs. Now, removing power to the 
computer, unplugging the cable or even breaking 
a wire cannot cause the 8741 to destroy itself. 
This fix, however, solves only half the problem: 
What happens when the computer is powered-up 
and operating correctly; will everything work 
correctly? 


Keep watch on the driving side 


To guarantee that fail-safe conditions always 
prevail, you must examine your circuitry’s driv- 


8255A 


Fig 6—The final interface circuit features fail-safe design that protects all components and functions within worst-case 


constraints. 
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ing side, too. In this example, the iSBC 80/20 uses 
an 8255A programmable peripheral interface to 
provide parallel-I/O capabilities. That component 
is an LSI device, and you can program its 
individual pins as either inputs or outputs, or use 
them bidirectionally. 

The 8226 bidirectional buffers shown in Fig 2 
are a permanent part of the iSBC 80/20 circuitry 
and are controlled so that data can flow between 
the 8255A and the 8741 in either direction. Most 
of the 8255A’s I/O lines appear at sockets, so you 
can insert 7437 inverting buffers there to provide 
output-driving capability, or install resistor ter- 
mination networks to implement receiving. 

The cassette controller uses three of the 8255’s 
signals as outputs, so you could take the 7437 
approach—if you are sure that the output of that 
driver is always LOW except when issuing the 
cassette controller a read or write command. This 
approach, of course, implies that the inputs to 
the 7437 (and hence the outputs of the 8255A to 
which they are connected) remain HIGH at all 
times when the controller is not in use. But do 
they? 

When power is first applied to the iSBC 80/20, 
its 8255As are all reset so they can accept 
inputs—a fail-safe provision that prevents the 
production of spurious output signals. The 8255 
lines thus appear to the 174387 inputs as a 
high-impedance state; the 7437 inputs then float 
HIGH, forcing the output signals to the control- 
ler into the benign near-ground state. So far, so 
good. | 
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Sing 
MEFE ts the 


in cassette transports. 


We revolutionized the digital cassette 
industry by making the first simple, reli- 
able tape drive. 

Now we offer that reliability ina full 
line of transports, both single and dual 
track. 

The Sing le-Track 250B. With just two 
moving parts (no mechanical adjustment, 
ever) the 250B offers a record of perfor- 
mance nocompetitor can match: an MTBF 
of 15,000 hours. The 250B also has the 
widest ANSI/ECMA-compatible read/write 
speed range on the market (5-40 ips) and 
data transfer rates upto 32K bps. 

The Dual-Track 450B. This new model 
gives you up to 720,000 formatted charac- 
ter storage, and features the exclusive 
TACHLOK™ servo speed control —for con- 
stant tape speed. Like the 250B, the 450B 
has data transfer rates up to32K bps and 
needs no mechanical adjustment. Both 
models are available with a variety 
Ofinterfaceoptions. = ~~ = 


or dual track, 


The Sing le-Track 250BH — for hostile 
environments. This incredibly rugged ver- 
sion of the 250B can handle just about any 
condition. Operating temperatures from 
—40°C to + 70°C, forexample. And all kinds 
of shock and vibration. The 250BH has been 
field proven in some of the toughest appli- 
cations youcan name. Indoors and out. Ina > 
wide range of industries. 

Allthree models are available in vol- 
ume, ready toship. And we can customize 
to meet your exact design requirements. 

For details, contact MFE Corporation, 
Keewaydin Drive, Salem, NH 03079. Tel: 
603-893-1921. TWX 710-366-1887/TELEX 
94-7477. In Europe: MFE Products Sa, 
Vevey, Switzerland. Tel. 02152, 80,40/ 

- TELEX 26238; (MFE has 
complete worldwide repre- 
sentation. Contact us for 
the rep nearest you.) 
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CMOS inverters allow 
larger pull-down values 


Programming the 8255A to turn selected lines 
into outputs enables the drivers and clears data 
latches inside the part. The very next instruction 
could set those latched data bits to all ONEs, but 
notice that for a short time the 7437 inputs are 
LOW. That state, of course, causes a glitch at the 
inputs to the 8741 controller circuitry—not long 
enough to damage the 8741, but (in a critical 
application) long enough to set some of the 
software inside it into action. 


Use a network to simulate a 7437 


True fail-safe operation, then, precludes using 
an inverter between the 8255A and the signal 
lines to the 8741 controller. So instead you can 
incorporate another pull-down resistor on each 
line. 

Because the pinouts of the various commer- 
cially available resistor networks and the 7437 
are all compatible, the pull-down network should 
conform to the same convention. Therefore, 
mount the resistors on a component platform 
with pins arranged to simulate a noninverting 
7437 (Fig 5). Why can’t you use the TTL version of 
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These new Posistor semi- ~~ 
conductor circuit protec- ~— 
tors react to over-heat _ Z — 
and/or over-current situa- ~— ol —s 
tions automatically by dcomnnticalty i increasing their 
resistance and limiting both current and heat build- 
up. They return to a normal low resistance state 
just as automatically once current and heat levels 
are reduced to safe values. 

Why not stop blowing fuses and go solid state 
for circuit protection. We'll send you complete 
details for the asking. 


muRata-Georgia 
MURATA CORPORATION OF AMERICA 
1148 Franklin Road, S.E., Marietta, Georgia 30067 
Phone: 404-952-9777 
For more information, Circle No 154 
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a noninverting 7437, say a 7432? During comput- 
er reset, the inputs to such a TTL gate would 
float HIGH, thereby stimulating the 8741 into 
(incorrect) action. 

Remembering the requirements of the pull- 
down resistor and examining the 8255A’s worst- 
case current-source capability (200 pA), you'll 
find that the smallest permissible pull-down- 
resistor value is 12k. Because the resistor in- 
stalled in the 7437 socket parallels the 500k 
resistor at the input to the remote inverter near 
the 8741, the smallest allowable resistor value on 
the iSBC 80/20 is 12.3k; 47k thus proves a 
convenient value. 

The resulting circuitry, as derived from the 
original configuration of Fig 2, appears in Fig 6. 
The remotely controlled peripheral device is now 
safe from harm during computer-power outage, 
when cables are completely or partially discon- 
nected and during software initialization of the 
I/O path to the 8741. If power fails at the 
controller and the computer continues running, 
the drive signals see only the passive, high- 
impedance inputs of MOS circuitry. 

Any remaining potential problems with fail- 
safe operation must lie within the controlling 
software. Clearly, this software could erroneous- 
ly hold CS, RD and WR LOW at the 8741, but 
software checkout should catch this fault. If you 
require total fail-safe operation, create the RD 
input to the 8741 by complementing the WR line 
to that device. Note, however, that the 8741’s 
sequential timing requirements prevent holding 
one or the other of those lines LOW while the 
chip select is inactive. 

Rules for checking out and verifying software 
that can minimize these problems can be found 
in EDN’s Software Design Course, June 5, 1978. 
In general, such problems appear more tractable 
once you adopt the foregoing hardware solutions 
to fail-safe interfacing. EDN 


Article Interest Quotient (Circle One) 
High 485 Medium 486 Low 487 
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Once you compare our new 191 digital multimeter to ordinary 5%2-digit DMMs, we think youll readily 
agree that it outclasses its class. For good reason. 
The 191 is a +200,000-count DMM capable of 0.004% accuracy and 1yV/1mQ sensitivity. It delivers 
unsurpassed accuracy, faster, because firmware in the 6802-based ycomputer has replaced slower, less 
Displayed data is updated at the fastest rate of 
digit change readable by the human eye—4 conversions 
per second. Settling time of 0.5 seconds is easily half that ff 
of the 191’s nearest competitor. | See eames eee NUE 
The uP combines both charge-balance and single-slope conversion techniques. Every di 
reading is automatically corrected for zero and gain drift. 
If you've ever had to contend with the frustration of potentiometer zeroing, youll appreciate the 191's 
null function. Automatic arithmetical correction of residual error is standard. With a touch of the button 
you can buck out any in-range signal, large or small. 
Aye ar trom You don't need low-level noise either. So the 191 auto- 
| matically suppresses it. The 191's non-linear digital filter is 
J entirely free of dielectric absorption and leakage problems associated 
NOW Ou ll with analog techniques. On the 200mV and 200@ ranges, the filter 
yi effectively attenuates noise by displaying arunning average of the 
@ 8 previous readings. Yet it instantly displays input 
Own one Or Wish 322275 
Another exclusive of the 191 is 2 and 


@ 4-terminal measurement from 1m to 20M® across six ranges. Simply 
; Ou adding two more sense leads automatically enables Kelvin measurements. 
An 
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dig sie q Pig 
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© No changing input terminal links or even pushbutton settings. 
d, finally, since uP design reduces component count, the 191 requires less servicing and calibration, 


increasing reliability and stability. rages 
At $499 without plug-in ACV, the 191 is today’s performance/value IK = Le H ta Y 
leader in 5Y2-digit DMMs. A year from now most people will agree. 

But you probably don't need that much time to make up your mind. And were ready to help you with a 
demonstration or additional information. Call 800-321-0560. In Ohio, 216-248-0400. 


Next year youll be glad you did. 


For Literature Circle No 63 
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always glad 
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special. 


The Unimax catalog contains 


the industry's widest selection of 


precision, general purpose, mini- 
ature,subminiature and minia- 
ture subminiature snap-action 
switches, as well as toggle and 
push-button switch assemblies 
and metal cased limit switches. 

Literally, a cast of thousands. 

Which isn’t really surprising. 
Particularly when you consider 
that snap-action switches in © 
one form or another are our only 
business. 

But what may surprise you is 
our willingness to do something 
special to help meet your needs 
for a non-standard switch— 
whether it be in form, fit or 
function requirements. 


Unimax 


ry 


In fact, “specials” represent a 
large part of our volume. Amd our 
experienced staff of designers 
and engineers will be pleased to 
work closely with you on the de- 
velopment and production of a 
switch that meets your specific 
requirements. 

At affordable, competitive 
prices. 

But before you decide op 
something special, take a quick 
look through our catalog. There's 
a good chance you'll find some- 
thing standard that will do the job. 

For a free copy of our latest 
catalog of snap acting switches, 
call or write: UNIMAX SWITCH 
CORP, Ives Rd., Wallingford, 
Conn. 06492 Tel. (203) 269-8701 
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High JFET gate input resistance 
serves well—if you can utilize it 


Many designers try to take advantage of high JFET input resistance, 
only to be disappointed with the results. Understanding the reasons 
for this characteristic can help you make the most of a useful 


JFET property. 
Ed Oxner, Siliconix Inc 


One of the most widely known characteristics of 
JFETs—their high gate input resistance—is 
rarely specified on these devices’ data sheets. 
But deriving this important parameter correctly 
from the information provided, and then apply- 
ing it properly, are the keys to good JFET-circuit 
design. 

The sampling-probe circuit shown in Fig 1 is an 
example of a common JFET application. It 
utilizes as a source follower a 2N4868A n-channel 
device with a drain voltage of 30V and 1-mA 
drain current. Because this probe must sample 
10V-rms signals on a high-impedance line and 
must not load the circuit under test, it must also 
exhibit a very high input resistance. Although 
the data sheet for the JFET used in the probe 
lists a 40V min breakdown voltage and a 250-pA 
max Iss, the probe-circuit design does not pro- 
vide the required high input resistance. 


Read between the lines on data sheets 


To understand what’s wrong with the circuit 
depicted in Fig 1 (and it isn’t the JFET itself 
that’s at fault), consider the roots of the problem: 
the JFET is used incorrectly here because of any 
or all of the following faults: 

e An improperly characterized data sheet 

e An improper interpretation of the data 

sheet 

« A misunderstanding of why aJFET exhibits 

a high gate input resistance. 

You can’t do much about the first fault except 
to make sure you know enough about these 
devices to recognize misleading data when you 
see it. For the most part, though, the latter two 
faults are the ones primarily responsible for 
incorrect JF ET use. 
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If you design a circuit with at least 10-MQ 
input resistance—such as the circuit in Fig 
l1—and the JFET data sheet lacks an input- 
resistance specification, you can extract an 
indication of this important parameter from 
another specification: gate current, which is 
inversely proportional to gate input resistance. 
Thus, JFETs with a 1-mA gate current provide 
an input resistance orders of magnitude lower 
than those with a 1-nA gate current. 

However, unwary designers can then fall into 
the trap of using I,ss—gate current with the 
drain terminal shorted to the source—as an 
indicator of input resistance. But I.s5 does not 
characterize the operating gate current—clearly, 
the JFET’s high input resistance is not utilized 


Fig 1—This JFET-input probe is designed for failure. 


125 


A mastery of JFET-circuit design 
begins with the data sheet 


with the drain shorted to the source. Some years 
ago, the commonly accepted design procedure 
specified gate current at about 1/2 I.s. for the 
desired drain-gate voltage. But this is a reasona- 
ble approximation only so long as the drain-gate 
voltage remains below the “I,, breakpoint.” 

The way out of this dilemma is to recognize 
that I.ss represents nothing more than a mea- 
surement of reverse-bias diode current; with 
source shorted to drain, the channel becomes a 
cathode and the gate becomes an anode, and 
their interaction can be considered to constitute 
a simple diode. In this diode model, the reverse 
current typically stays small until it increases 
abruptly at some finite voltage—termed the 
reverse (avalanche) breakdown voltage—because 
of a process called avalanche multiplication. 

Reverse current itself originates principally 
from the thermal generation of electron/hole 
pairs within the JFET’s junction space-charge 
region. Avalanche multiplication then occurs 
when an electron within this space-charge region 
develops so much energy through increasing 
acceleration and subsequent collisions that other 
electron/hole pairs are created, resulting in 
rapidly increasing reverse current and rapidly 
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Fig 2—Gate current is a /inear function of drain current in 
the 2N4868A JFET. 
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decreasing gate input resistance. 


JFETs act differently in a circuit 


But an operating JFET differs from the pre- 
ceding diode model because its drain is not 
shorted to the source and some finite drain 
current passes through the channel. Designers, 
furthermore, often overlook this drain current’s 
effects upon gate current. 

Illustrating the drain-current effect, Fig 9 
shows that gate current (I,) increases linearly 
with drain current when the drain-gate voltage 
exceeds the I, breakpoint; it also indicates that [,, 
increases exponentially with the drain-gate volt- 
age (V,,;). (Raising the V,,, level increases impact 
ionization, thus increasing gate current.) 

Replotting Fig 2 as Fig 3, this time using 
drain-gate voltage as the primary variable, ex- 
poses the critical relationship between these two 
parameters. The tremendous difference between 
the I,, curves and the superimposed Iss charac- 
teristic reveals the folly of using I¢ss values 
above the I,, breakpoint to determine gate input 
resistance. 

Yet another plot of the same JF ET data yields 
additional information. Fig 4 shows a comparison 
of two ratios: gate current to drain current ([,,/I)) 
versus drain-gate voltage to drain-gate break- 
down voltage (V),,/BV) 0). (Fig 2 provides data for 
the current ratio and Fig 3 furnishes voltage 
figures, with the drain-gate breakdown voltage 
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Fig 3—A plot of gate current versus drain-gate voltage 
for the 2N4868A JFET shows why you can’t use I.s, values 
above the breakpoint to determine gate input resistance. 
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established at the 57V Is; breakpoint.) 

While Fig 4 illustrates the dependence of 
current-ratio (leakage) characteristics on drain- 
gate voltage, it also simultaneously shows this 
parameter’s independence from the type of n- 
channel JFET-fabrication technique employed: 
Curve A represents ratios from both a short- 
channel JFET and a long-channel, high- 
frequency JFET. 

The problem of gate-leakage dependence on 
drain-gate voltage is a characteristic principally 
of n-channel devices, though. The p-channel 
JF ET (represented by curve B in Fig 4) exhibits a 
response similar to that of the n-channel device, 
but because of this device’s lower mobility and 
the resulting lower impact ionization, the p- 
channel curve is pushed out to a higher voltage 
and therefore presents less of a problem. 


The data sheet’s to blame 

Although high gate input resistance is impor- 
tant in many applications including differential 
and operational amplifiers (as well das in the 
probe example here), the spec sheets for many 
dual JFETs—the 2N5045, 2N5452 and 2N5564 
Series, for example—offer no hint of operating 
gate current. And among spec sheets for single 
n-channel JFETs, almost all fail to include this 
specification. Indirectly, the fault of omission 
lies with the JEDEC committee, but it is also 
more directly the fault of the manufacturer that 
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Fig 4—-Normalized gate-current (leakage) variations 
depend upon drain-gate voltage, plotted here for n- and 
p-channel JFETs. 
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Fig 5—This collage of typical gate-current characteristics shows what you might hope to see on a JFET data sheet. 
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Some JFET gate characteristics 
can mislead the unwary 


originally submitted JFET specifications for 
registration with this body. 

If you have an application requiring high input 
resistance, you are thus confronted with some- 
thing of a problem. If you don’t care to tediously 
characterize selected JFETs yourself, you can 
only hope that the vendor has overridden the 
JEDEC format in its catalog and has included 


(b) 


+30V 


-30V -30V 


Fig 6—A single-JFET circuit (a) offers simplicity, but it 
might not provide the high input res’stance you want. A 
cascode dual-JFET alternative (b) solves the input- 
resistance problem. 


GATE CURRENT, Ig (A) 


DRAIN-GATE VOLTAGE, Vpg (V) 


Fig 7—A plot of gate current for both circuits in Fig 6 
reveals that the dual-JFET one maintains its low gate cur- 
rent over a much wider operating-voltage range. 


128 


operating-gate-current figures. Alternatively, 
the vendor might offer a graphical presentation 
of gate-current data as in Fig 5. But however this 
information is presented, be aware that the 
operating gate-current characteristic for a par- 
ticular JFET type can vary among manufactur- 
ers. Thus, if you change vendors—watch out. 

Referring back to the example presented at the 
beginning of this article, you should understand 
by now why the probe doesn’t perform as 
expected. The drain-gate voltage is a combina- 
tion of the +30V bias supply and the peak 
negative potential of the 10V-rms signal appear- 
ing at the gate. The gate current, therefore, 
peaks to nearly 1 pA, and the input resistance 
falls short of the levels it could attain. 

If you want to remedy this problem, one 
solution is to lower the bias voltage from +30V to 
+20V, thereby increasing the probe’s input re- 
sistance to an acceptable level. You could, howev- 
er, choose a better solution that permits high 
drain voltages and appreciable gate potentials 
without losing the JFET’s unique high gate input 
resistance: Use a cascode circuit similar to the 
one shown in Fig 6b. In this arrangement, the 
input JFET’s drain potential remains low be- 
cause of its interaction with the piggyback JFET. 
Fig 7 compares the gate currents (and thus the 
input-resistance performance) of the two circuits 
depicted in Fig 6 and demonstrates the advan- 
tage of the dual-JF ET configuration. EDN 
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That’s right! Power/Mate stocks over 6,000 open- 
frame power supplies in our East Coast and West Coast 
stocking locations . .. and they are just waiting for your 
order. Every model shown on this page is stocked in 
depth and ready to be shipped the same day your order 
is received. 


So, if you’re looking for an economically priced 
power supply ... with a reputation for quality (almost 
ies the field and still going strong) . . . just give 
us acall. 


Your supplies are waiting .. 


. SO you won’t have to. 


EMA “A” CASE $27.00 
1.7” X 3.03” X 3.78” 


Model 


EMA “B” CASE $35.00 
2.07” X 4.00” X 4.87” 

Voltage/Current 

Model Rating Chart 


Voltage/Current 
Rating Chart 


EMA-5S/6A ne @ 1.2A EMA-5/6B oy @ 3.0A 

V @ 1.0A V @ 2.5A 

EMA-9/10A ov @ .75A EMA-9/10B av @ 1.8A 
V @.75A V@ 

EMA-12/15A 12V @ 0.5A EMA-12/15B ay @ 1.5A 

15V @ 0.5A V @1.3A 


EMA-18/20A 18V @ 0.4A 
20V @ 


0.4A 
EMA-24A 24V @ 0.4A 


ETA “B” CASE $48.00 
2.25” X 4.03” X 4.90” 


Voitage/Current 
Rating Chart 


12V-0.5A 12V-0.5A 


2.98” X 4.03” X 7.90” 


Model 
ETA-12/15B 


Model 
ETA-12/15C 


or6V-1.0A 


Model 


ETA “C” CASE $68.00 


Voltage/Current 
Rating Chart 


12V-1.5A 12V-1.5A 
Oo 


EM Il SERIES SPECIFICATIONS 


Input Tranalent Res Bpen 
105-125/210-250 VAC at 47-63 Hz, extep A-A Occurs within 56 microseconds for a 50 to 100% 
case and ETA-B case models which are i VAC load change. 
at 47- oy Hz. Derate output current 10% He ‘ 
ape ion. Overload Protection 


Self-restoring current limiting (foldback type). 


ee Volt age/Cu rrent Rating Chart. Temperature Coefficient 
R 0.005%/°C typical. 
equiation 


ine regulation is rated at 0.05% fora10% input Overvoltage Protection 


Output Ratings 
+ 0.02%/°C maximum. 


yoltage change and load regulation rated at + 0 
Plies eb to fiiiload fehange. Optional on all models except EMA-A, ETA-B. 
Output Rip sae Oe emisétion cooled. 
Better Pie, imV RMS; 3mV peak to peak 
typi Mounting 
BMA: , ETA- 
ne econ EMA A, ETA-B. MAB’ CGC § Surtaces 
— EMA‘B: ErXS, p, ETRE 4 Surfaces 


EMA “CC” CASE $74.00 
3.23” X 4.90” X 7.03” 


Voltage/Current 
Model Rating Chart 


EMA “C” CASE $59.00 
2.95” X 4.87” X 5.62” 


Voltage/Current 
Rating Chart 


EMA “D” CASE $94.00 
3.23” X 4.87” X 9.00” 


Model 


Voltage/Current 
Rating Chart 


EMA-5I6C 5V@6.0A EMA-5/6CC 1.0A EMA-5/I6ED 5V@ 15. OA 

BV @ 5.0A V @ 10.0A 6V @ 12.5A 
EMA-9/10C iy @ 3.8A EMA-9/10CC 9V @ 8.0A EMA-9/10D av @ 10. 5A 
V @ 3.6A 10V @ 7.5A V @ 10.0A 
EMA-12/15C bs @ 3.0A EMA-12/15CC 12V@6.0A EMA-12/15D by @ 8.8A 
15V @ 2.8A 15V @ 5.0A V @ 8.0A 

EMA-18/20C 18V @ 2.5A EMA-18/24CC 18V@4.5A EMA-18/24D 18 @7.1A . 
20V @ 2.3A 20V @ 4.0A 20V @ 7.0A 
EMA-24C 24V@2.3A V @3.8A 24V @ 6.5A 


ETA “D” CASE $96.00 
3.23” X 4.90” X 9.40” 
Voltage/Current 
Rating Chart 


a 3.0A 12V-3.0A 


ETR “E” CASE $115.00 
2.20” X 4.88” X 11.00” 
Voltage/Current 
Rating Chart 


+ 12V,1.5A 


Model 
ETR-122E 


Model 
ETA-12/15D 


5V,6A — 12V,1.5A 


or15V-0.5Aor 15V-0.5A r 15V-1.3A or 15V-1.3A V-2.8Aor 15V-2.8A or 6V, "BA or + 15V,1.3A0r— 15V,1.3A 
ETA-5B 5V-1.2A 5V-1.2A ETA-5C 5V-3.0A 5V-3.0A ETA-5D ay 6.0A 5V-6.0A ff ETR-142E 5V,6A 12V,1.5A 12V,1.5A 
or6V-1.0A or6V-1.0A or6V-2.5Aor 6V-2.5A or6V-5.0Aor 6V-5.0A or 6V;5A or QV; 1.2A or 15V,1.3A 
ETA-515B 5V-1.2A 15V-0.5A ETA-515C 5V-3.0A 15V-1.3A ETA-515D 5V-6.0A 15V-2.8A or 5V,0.8A 
or 6V-1.0Aor 12V-0.5A or 6V-2.5Aor 12V-1.5A or 6V-5.0Aor 12V-3.0A § ETR-113E 5V,6A 5V,3A 18V,1.0A 
ETA-524B 5V-1.2A 24V-0.4A ETA-524C SV-3.0A 24V-1.0A | ETA-524D 5V-6.0A 24V-2.3A or6V;5A or 6V,2.5A or 20V,1.0A 
or -2. 


or 24V,1.0A 
12V,1.5A 
or 15V,1.3A 


nil Sica ETR-132E  5V.6A 


18V,1.0A 
or6V'5A 


or 20V; 1.0A 
or 24V, 1A 


PHIMIIC 


POWER /MATE CORR 


514 S. River St./Hackensack, New Jersey 07601/(20 TSS TWX O10) (710) 990-5023 


17942 Skypark Circle/Irvine, California 92714/( an 


When you can’t afford failure... 


For more information, Circle No 65 


7-1606/TWX (910) 595-1766 


you can't afford less! 


Our standard line can cover almost all of your require- 
ments for miniature motors, gearmotors, motor-tachs, 
actuators, blowers, or pumps. Whether you want A.C. 
or D.C., our breadth of choice is unmatched. 

But many of our customers come to us for our custom 
capabilities. Because they know we're willing to an- 
alyze their total electro-mechanical system and build 
a non-standard motorized device that makes sense. 

We supply unequalled engineering and application 
support. Our four regional modification centers can as- 
semble unusual protoypes on the spot. 

And, though ‘‘non-standard”’ may sound expensive, 
our custom devices usually reduce total system costs. 

Write for our catalog, and ask about our custom ca- 
pabilities. TRW Globe Motor Division, TRW Inc., Dayton, 
OH 45404 (513-228-3171). 
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Globe gives you 
more design options 
in motorized devices, 
standard or custom 


TRW ciose motors 


Distributed by Hall-Mark, Hamilton/Avnet, Jaco, and Pioneer. 


For more information, Circle No 66 
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EDN 


CUSTOM 
POWER 
SUPPLIES 


LAMBDA MAKES IT EASY FOR YOU TO ORDER 


Built to your requirements 


Lambda custom power supplies are designed to yout 
requirements, and we have made it very simple fo: 
you to specify within our 16 standard configurations 
By calling your nearest Lambda office you can tell us 
what we need to know: 
1. To give you a firm price quotation on the 
number and type of custom units you require 
2. To design and build these supplies to the 
parameters you select. 


No engineering charge 


There is no engineering or set-up charge for designing 
your custom power supply. This is one more reason 
why Lambda can offer you a custom product at a 
lower cost than if you built it yourself. 


Wide range of options 


Lambda offers you a custom power supply with up to 
outputs, In 4 package sizes and 4 front panel configur 
tions for each package size. (Call your nearest Lambd 
office for your system requirements.) Choose one of th 
group of 5 regulation, ripple and temperature coefficient 
specifications for each output and we will determine whic 
package size you need. From the descriptions on the 
following pages, also enter on the Request for pie 
Form the front panel configuration which best meets you 
monitoring and control requirements. | 


Six week delivery 


Your custom power supply, assembled, wired and 
ready to operate will be shipped within 6 weeks after 
receipt of your order. 


5 year guarantee 


Every custom power supply is covered by Lambda’ 
comprehensive 5 year guarantee (when five yea 
guaranteed power supplies are used) which include 
labor as well as parts. Guarantee applies to operatio 
at full published specifications at end of 5 years. 
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PACKAGE 
SIZE J 


| 
] 


PACKAGE 


3%" x 19" x 21” e up to 8 outputs e and for any single output up to 150V, up to 140A 


CONFIGURATION 1 

Blank panel. Economical when power supply will be remotely con- 
trolled. Maximum of 8 outputs (up to 4 power supplies) with AC input 
wiring provided through barrier strip on rear of rack adapter. Cus- 
tomer to provide necessary wiring for dc outputs avaitable at rear of 
rack. 


CONFIGURATION 2 

Panel with on/off switch for AC input, pilot light and fuse. Maximum 
of 8 outputs (up to 4 power supplies) with AC input wiring provided 
through barrier strip on rear of rack adapter. Customer to provide 
necessary wiring for dc outputs available at rear of rack. 


\ 
| 
] 
| 
4 
j 
: 
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CONFIGURATION 3 


Panel with on/off switch for AC input, pilot light and fuse plus voltage 
controls (up to 4 potentiometers provided). Maximum of 4 outputs 
with AC input wiring provided through barrier strip on rear of rack 
adapter and DC output wiring provided through barrier strip on rear of 
rack adapter. Power supply nameplates at output barrier strips and at 
front panel potentiometers. 


‘CONFIGURATION 4 

Panel with on/off switch for AC input, and fuse, plus voltage controls 
(up to 4 potentiometers provided) and metering panel (up to 4 supplies 
monitored, monitoring up to 70A up to 99.9V per supply). Maximum 
of 4 outputs with AC input wiring provided through barrier strip on 
rear of rack adapter and DC output wiring provided through barrier 
strip on rear of rack adapter. Power supply nameplates at output 
barrier strips and at front panel potentiometers. 


a 


Example 
Package L, Configuration 3 provides a completely wired, assembled, ready-to-use, custom 
power supply consisting of: 


Sen A RIO 


Two LGS-6-12-OV-R (12V @ 37 SA with built-in OV) 2-2 6 eee ei we ewe Oe ee ew $642 ea. 
One LRA&1G tack sdaoter-. . «bwin Wee eR SR HERE ee Ee EAE ae OS we - 95 
Panel, AC on/off, indicator light, fuse, cables, voltage potentiometers and assembly jabor .. . 170 


| Total Price $1549 


Call your nearest Lambda office for your custom system requirements. 


PACKAGE 
SIZE K 


53/16 x 19” x 14” e up to 8 outputs e and for any single output up to 150V, up to 135A 


PACKAGE 
SIZE M 


CONFIGURATION 1 
Blank panel. Economical when power supply will be remotely con- 
trolled. Maximum of 8 outputs (up to 4 power supplies) with AC input 
wiring provided through barrier strip on rear of rack adapter. Cus- 
tomer to provide necessary wiring for dc outputs available at rear of 
rack. | 


CONFIGURATION 2 : 


Panel with on/off switch for AC input, pilot light and fuse. Maximum 
of 8 outputs (up to 4 power supplies) with AC input wiring provided 
through barrier strip on rear of rack adapter. Customer to provide 
necessary wiring for dc outputs available at rear of rack. 


CONFIGURATION 3 

Panel with on/off switch for AC input, pilot light and fuse plus voltag 
controls (up to 4 potentiometers provided). Maximum of 4 output 
with AC input wiring provided through barrier strip on rear of rac 
adapter and DC output wiring provided through barrier strip on rear o 
rack adapter. Power supply nameplates at output barrier strips and a 
front panel potentiometers. 


{ 


CONFIGURATION 4 

Panel with on/off switch for AC input, and fuse, plus voltage controls 
(up to 4 potentiometers provided) and metering panel (up to 4 supplies 
monitored, monitoring up to 110A up to 99.9V per supply). Maximum 
of 4 outputs with AC input wiring provided through barrier Strip on 
rear of rack adapter and DC output wiring provided through barrier 
strip on rear of rack adapter. Power supply nameplates at Output 
barrier strips and at front panel potentiometers. 


Example 
Package M, Configuration 4 provides a completely wired, assembled ready-to-use, custom 
power supply consisting of: 


Two LGS-5-5-OV-R (5V @ 45A with built-inOV) ......000220200000 2.2.2.2. - 0004. $476 ea. | 
Two LGS-5-12-OV-R (12V @ 24A with built-inOV) .......0..0 0-0 ee eee. 476 ea. | 
One LRA-17 rack adapter... 2... 00. 0. 95 
Digital Meter, panel, AC on/off, indicator light fuse, voltage potentiometer, cables, and 


assembly labor. ....,. Ce ceha tre eS ee Ree ee ewe ee eee eee eee oes 430 
Total Price $2429 | 


Cali your nearest Lambda office for your custom system requirements. 


LL SERIES 
‘1-C REGULATED 
BENCH POWER SUPPLIES 


MODEL Li-903-OV 


Outstanding Features 


All-silicon DC power supply using 
integrated circuit to provide reg- 
ulation system 
except for input and output capacitors, rectifiers, and series 
regulation transistors 


o-40vDC © 0-0.35ADC 


/\LAMBD A REGULATED POWER SUPPLY 


Leper 


Regulation 
line: 0.01% + 1 mV 
load: 4mV 

Ripple 


250 uV RMS, 1 mV pk-pk 
Convection cooled 
Multi-position operation 

lies flat or stands erect 
Die-cast aluminum construction 
Weight 

less than 6 Ibs. 
No overshoot 

on turn-on, turn-off or power failure 


Adjustable current limiting 
O to 110 % of rating 

Controls 
course voltage adjust, fine voltage adjust, current adjust, 
ON/OFF switch, meter function switch 


Built-in tracking overvoitage protection 
models available 


SPECIFICATIONS 
OF LL 
SERIES 


DC output 
voltage ranges: 0-10V, 0-20V, 0-40V, 0-120V. 


Regulated voitage 
regulation, line ........ 0.01% + ImV 


regulation, load ....... 4 mV 

ripple and noise ....... 250 uV RMS 
1 mV pk-pk 

temperature coefficient .(0.015% + 
300 uV) °C 

AC input 

NG ow eee bd bebe oan 105-132 VAC 47-440 Hz 

| (current ratings based on 57- 

63 Hz) derate current 10% 
for 50 Hz operation. 187- 
242 VAC, 205-265 VAC, 45- 
440 Hz, see “AC Input 
Option” 

DOW?E 2 oa ou eee eee an LL-901-OV, 30 Watts; 


LL-902-OV, 32 Watts; 
| L-903-OV, 32 Watts; 
LL-905, 15 Watts 


Ambient operating 
temperature range 
continuous duty from O° to + 50°C 


Storage temperature range 
-40°C to +85°C 


Overload Protection 

Electrical 

external overload protection: automatic electronic 
current limiting circuit limits the output current to a 
preset value, thereby providing protection for load as 
well as the power supply. Automatic current limiting 
is adjustable from O-110% of rating. 


Overvolitage protection 
built-in tracking overvoltage protection on 
LL-901-OV, LL-902-OV and LL-903-OV. 


Input connections 
heavy-duty, 3-wire line cord provided. 


Output connections 
5-way binding posts on side panel. 


Meter 

dual function meter measures voltage or current 
output as selected by meter function switch on front 
panel. 


Controls 
DC cutput controls 


course voltage adjust, fine voltage adjust and current 
adjust on front panel. On models LL-901-OV, 
LL-902-OV and LL-903-OV adjustment of voltage 
control allows overvoltage protector to track voltage 
output automatically. 

Power 

on-off switch on front panel. 

Meter 

function switch to measure Output voltage or current. 


Multiposition operation 
lies flat or stands erect 


Physical data 

Size 

5 5/8"W x 5 1/2"H x 3 7/8"D 
Weight 

5 Ibs. net, 7 lbs. ship 


Accessories 
pot covers. See catalog. 


Options 

AC input 

Add suffix: For operation at: Price 
—V 187-242 VAC, 47-440 Hz $20 
—V1 205-265 VAC, 47-440 Hz $20 


Derate current 10% for 50 Hz operation 


Guaranteed for 5 years 

O-year guarantee includes labor as well as parts. 
Guarantee applies to operation at full published 
specifications at end of 5 years. 


LP SERIES SINGLE-OUTPUT POWER SUPPLIES 
LPD SERIES DUAL-OUTPUT POWER SUPPLY 


LPT SERIES TRIPLE-OUTPUT POWER SUPPLY 


for general purpose laboratory and 
test equipment use. 


Outstanding Features 


Designed for both bench and rack use. 
Convection cooled 


no blowers, no external heat sinks 


Series/parallel operation 
Continuously variable 

Remotely programmable 

Remote sensing 

Constant voltage/constant current 
Designed to meet RFI 


per MIL STD 826A 


Completely protected 
Short circuit proof; continuously adjustable automatic current 
limiting 

No overshoot 
on turn-on, turn-off or power failure 


Features of dual and triple output models 


6 modeis with independent DC 
outputs offer widest choice 
up to +250 VDC, up to 5 Amps. Either output may be plus 
or minus, or both outputs may be plus or minus. 
Series/parallel operation 
of outputs yields two times the voltage or two times the 
current — up to 500 Volts or up to 3.4 Amps. 


Auto series/auto parallel (master-slave) 


Widest selection of laboratory permits tracking to a common reference 
supplies with big-system S t t 
features and capabilities eparate meters 


for bench or rack use. provide simultaneous monitoring of both voltage and current. 


LPT SERIES TRIPLE OUTPUT MODEL 


VOLTAGE MAX CURRENT, AMPS 
RIPPLE RANGE AT AMBIENT OF: “) (2) 
MODEL REGULATION” (RMS) (voc) 30°C 40°C 50°C 60°C DIMENSIONS _ Price 
Ee a RT a a a IE OPE RG TE SIE TEE IEE IEEE SERRE I SES SR TIE, I INT ESSERE EI SST RE TTT ET 
LPT-7202-FM  0.01%+1mV —-500uV 0-7 5.0 4.5 4.0 3.5 5 3/16" x 12 1/2 x 111 $706 
0-20 15 1.30 1.2 1.0 
0-20 to 1.35 1.2 1.0 


LPD SERIES DUAL OUTPUT MODELS 


(3) MAX CURRENT, AMPS 


VOLTAGE RANGE AT AMBIENT OF: (1) 
Per Output / Per Output / 
RIPPLE Outputs in Outputs in Parallel (2)(3) 
MODEL REGULATION” (RMS) Series VDC 30°C 40°C 50°C 60°C DIMENSIONS Price 


*LPD-421A-FM 0.01%+1mV £500uV O- +20/0-40 1.7/3.4 1.5/3.0 1.3/2.6 0.9/1.8 5 3/16" x 8 3/8" x 103/32” $480 
*LPD-422A-FM 0.01%+1mV 500uV O- + 40/0-80 1.0/2.0 0.85/1.7. 0.7/1.4 0.55/1.1 5 3/16" x 8 3/8" x 10 3/32” 480 
*LPD-423A-FM 0.01%+1mV 500uV O- +60/0-120 0.7/1.4 0.6/1.2 0.5/1.0 0.4/0.8 5/3/16" x 8 3/8" x 10 3/32" 480 
LPD-424A-FM 0.01%+1mV 500uV O-+120/0-240 0.38/0.76 0.32/0.64 0.26/0.52 0.20/0.40 53/16” x 83/8" x 10 3/32" 480 
LPD-425A-FM 0.01%+1 mV 1 mV O-+250/0-500 = 0.13/0.26 0.12/0.24 0.11/0.22 0.10/0.20 5 3/16” x 8 3/8” x 10 3/32” 572 


LP SERIES SINGLE OUTPUT MODELS 


0-10 VOLTS RIPPLE MAX CURRENT AMPS AT AMBIENT OF: “:) (2)(3) 
MODEL REGULATION” (RMS) 30°C 40c 50° 60°C DIMENSIONS Price | 
SEE IEA I aE I at Tn RTO IESE SR SEE EC RO PE DS ESE ESET ARETE STE SEPA LEST ORIN OS at SRE ED, RUE RESID SOIT ESE TE 
*LP-410A-FM 0.01% + 1 mV 500 uV 2.0 1.8 1.6 1.4 5 3/16" x 4 3/16” x 10” $269 
*_P-520-FM 0.01% + 1 mV 500 uV 5.0 4.7 43 3.7 5 3/16" x 43/16” x 15 1/2” 332 
*LP-530-FM 0.01% + 1 mV 500 uV 10.0 9.0 8.0 7.0 5 3/16" x 8 3/8” x 15 5/8” 480 
0-20 VOLTS 
*LP-411A-FM 0.01% + 1 mV 500 uV 2 1.1 1.0 0.8 5 3/16” x 43/16” x 10” $269 
*LP-521-FM 0.01% + 1 mV 500 uV 33 3.0 2.6 2.3 5 3/16” x 43/16" x 15 1/2" 332 
*LP-531-FM 0.01% + 1 mV 500 uV 5.7 5.3 4.7 4.0 5 3/16" x 83/8" x 15 5/8” 463 
EE ERT cB eS DE PT LE SE TLE LES NLS EDS ST EESTI EISELE LITE EEE LLL TEE ET DESL EEIE ATE, TBO TAN BAAS SS TE RS RRA a RR 
*LP-412A-FM 0.01% + 1 mV 500 uV 1.0 0.90 0.80 0.60 5 3/16” x 4 3/16” x 10” $269 
*LP-522-FM 0.01% + 1 mV 500 uV 1.8 1.6 1.4 1.2 5 3/16" x 43/16” x 15 1/2" 332 
*LP-532-FM 0.01% + 1 mV 500 uV 3.0 2.9 2.7 2.3 5 3/16” x 83/8" x 15 5/8” 463 
0-60 VOLTS 
LSE EES DEN EASED TSE OL PO SEP LE LE RR AES SOM SED BELT IG LIE ISI EES AED SIGE SEE BETTE IESG SCT SGI: SE TREN aT IEE TS PRETO TTS 
*LP-413A-FM 0.01% + 1 mV 500 uV 0.45 0.41 0.37 0.33 5 3/16” x 4 3/16” x 10” $269 
*LP-523-FM 0.01% + 1 mV 500 uV 0.9 0.8 0.7 0.6 5 3/16" x 43/16” x 15 1/2” 338 
*LP-533-FM 0.01% + 1 mV 500 uV 2.4 22 2:4 1.8 53/16" x 8 3/8” x 15 5/8" 516 
0-120 VOLTS 
NNN Ee 
LP-414A-FM 0.01% + 1 mV 500 uV 0.20 0.18 0.16 0.12 5 3/16” x 43/16” x 10” $297 
LP-524-FM 0.01% + 1 mV 500 uV 0.5 0.45 0.4 0.35 5 3/16" x 43/16" x 15 1/2” 378 
LP-534-FM 0.01% + 1 mV 500 uV 1.2 1.0 0.9 0.8 5 3/16” x 83/8” x 15 5/8" 572 
0-250 VOLTS 
SN SE SE SE SE SER a I TN DE ST ET 5 GIS. EE RT SE SS TE a es 
LP-415A-FM 0.01% + 1 mV 500 uV 80 mA 72mMA 65mA 60mA — 5:3/16" x 43/16” x 10” $332 
NOTES: 


* Overvoltage protection available as an accessory. Each output requires separate OV accessory — add $35.00 for each output. 
See page 153. 

(1) Current rating applies over entire voltage range. Ratings based on 57-63 Hz operation. 

(2) All prices subject to change without notice. 

(3) LPD, LPT Series models require one LH-OV for each output. 

(4) See next page for full specifications 


SPECIFICATIONS 
OF LP, LPD & 


LPT SERIES 


DC output 
voltage ranges shown in tables. 


Regulated voltage 


regulation (line or load) ..... 0.01% + 1mV for line varia- 


tions from 105-132 VAC or 
for load changes from no load 


to full load. 

GUIFENTTANGG 24 ice eeecwes as shown in table 

remote programming....... 200 ohms/volt nominal 

resistance 

remote programming....... volt per volt 

voltage 

ripple and noise. .......... 500uV RMS, 1.5mV_ pk-pk 
(either plus or minus terminal 
grounded.) LPD-425-A-FM 
model only 1mV RMS, 3mV, 
ok-pk. 

Tempereture; 24428 ceed ys (0.015% + 0.3mv)/° 

coefficient C-LP, LPT models (0.015% + 


0.5mV)/°C-LPD models 


Constant current 
(current regulated line and load) 


Automatic crossover 

voltage range ..........6. as shown in tables 

current range .......cecee min: 45mA or 1% whichever 
is greater (LP-530-FM — LP- 
534-FM, LPT models only) all 
other LP models and LPD 
models 5mA or 1% which- 
ever is greater. 
max: as shown in tables. 

regulation (line........... less than 0.2% or 5mA which- 

or load) ever is greater. 


AC input 
105-132 VAC; 47-440 Hz. Ratings based on 57-63 Hz. 
187-242 VAC; 205-265 VAC. See ‘AC Input Option.” 


Ambient operating 
temperature range 
continuous duty from 0° to +60°C 


Storage temperature range 
-55°C to +85°C 


Overload protection 


Thermal 

Thermostat, automatic reset. 

Electrical 

external overload.......... adjustable, automatic  elec- 

protection tronic current limiting, set- 
table to 105% of rated cur- 
rent. 

internal failure. .......... provided by fuse 

protection 


Input and output connections 

covered terminal block on rear of chassis; five-way binding 
posts on front panel. On LPD, LPT Models one set of five-way 
posts is provided for each output. 


Meters 
voltmeter and ammeter. For LPD, LPT Models, each output 
has a separate voltmeter and ammeter. 


Controls 

DC output controls 

coarse and fine voltage and coarse and fine current adjust pro- 
vided on front panel of all LPD, LPT models for each output. 
On all other LP models coarse and fine voltage adjust and 
single current adjust controls are provided. 


Power 
on-off switch, front panel. 


Remote sensing 
provision is made for remote sensing to eliminate effect of 
power output lead resistance on DC regulation. 


Physical data 


Weight 
Lbs Lbs 

Series net ship Size (Inches) 
LP410A 7 10 5 3/16 x 4 3/16 x 10 
LP520 14 18 5 3/16 x 4 3/16 x 15 1/2 
LP530 29 30 5 3/16 x 8 3/8 x 15 5/8 
LPD 13 16 5 3/16 x 8 3/8 x 10 3/32 
LPT 24 29 5 3/16 x 12 1/2 x 11 


Panel finish 
tan glass-filled, flame-retardant nylon panels. 


Accessories 
rack adapters, overvoltage protectors, pot covers, blank panels. 
See page 153. 


Options 


Price 
Ac input Single 

Model Price 
Add __ for operation Price Qty Mixed Model 
suffix at: Oty 1-14 15&up QAty15&up 


—V 187-242 VAC 12% or $30* 10% 12% or $30* 
47-440 Hz 
—V1 205-265 VAC 


47-440 Hz 
*Whichever is greater 


12% or $30* 10% 12% or $30* 


For 50 Hz operation derate current 10% on all models 

Fungus proofing 

add suffix ‘“-R’’ to model number and add 10% or $25.00 to 
the price (whichever is greater). 


Guaranteed for 5 years 

5-year guarantee includes labor as well as parts. Guarantee 
applies, to operation at full published specifications at end of 
5 years. 


LE SERIES 
20KHz WIDE RANGE 
SWITCHING POWER SUPPLIES 


Outstanding Feature: 


Guaranteed 5 Years 


Designed to meet military 
environment MIL-STD-810C 


OUTPUT RATINGS FOR LES-F SERIES Digital Meter Readout 


MAX. OUTPUT CURRENT AT 


Convection cooled, no fans or 
blowers 


MODEL |REGULATED PRICE 
OUTPUT 


VOLTAGE 


LES-F-01-0V Constant voltage/constant 


ES-F-02-0V 1100 
; current 
LES-F-03-0V 1000 
LES-F-04-0V 1200 


, rotection — bui 
Note: Maximum output current applies over entire output voltage Overvoltage pro 
range. in on all models 


SPECIFICATIONS OF 
LE SERIES 


DC output and rating 
Refer to the table. 


Regulated voitage 

regulation line .............. 0.02% + 2 mv for line variations 
from 105 to 132 vac (or 187 to 242 
vac on ‘V' options, 205 to 265 vac 
on ‘VI’ options). 

regulation load ............. 0.02% + 2 mv (LES-F-01, 02) 
0.02% + 4 mv (LES-F-03, 04) for 
load variations from 0 to full load. 

remote programming 


resistance ................. 200 2/volt nominal 

remote programming voltage volt/volt 

ripple and noise ............ 10 mv-rms; 50 mv pp for 
LES-F-01 


15 mv-rms; 100 mv pp for 
LES-F-02,03,04 
temperature coefficient ...... (0.02% + 50 pv)/°C 


Constant current 
(current regulated line and load) 
automatic crossover. 


voltage range .............. As shown in table. 
Current range .............. 5% to full load current. 
regulation line .............. 0.5% + 50 mA (LES-F-01, 02) 


0.5% + 20 mA (LES-F-03, 04) line 
variations from 105 to 132 vac (or 
187 to 242 vac on ‘V' opts, 205 to 
265 vac on ‘VI’ opts). 

regulation load ............. 0.5% Of limax) for load changes 
from 5% to rated DC voltage. 


WE? aes or) avis eee be poe ee Ae 105-132 vac (47-63 Hz) standard 
input (derate output current by 
5% at 50 HZ) 

power ..................00. 1250 watts max at 0.6 P.F. at 
maximum output voltage, 
nominal line. 


CINICIONCY: s.0% sax sacdex saws es Minimum 60% at maximum out- 
put voltage. 

Sol StariCirCult |. nc cs cae aw nas Limits inrush current at turn on to 
200% of full load peak current. 

input Current ............... 25A rms max. 


Ambient operating temperature 


Continuous duty from O°C to 71°C with appropriate deratings 
(40°C to 71°C—see table). 


Storage temperature range 
—55°C to +85°C 


Overload protection 

Thermal 

By self resetting thermostat 

Electrical 

External overload protection—adjustable, automatic, electronic 
current limiting circuit limits output current to preset value. Cur- 
rent limiting settability to 105% of rated current via front panel 
adjust. 


Overvoltage protection 

Built in, adjustable overvoltage protection standard on all sets. 
When preset voltage is exceeded, the overvoltage protector 
crowbars the output and removes the inverter drive. See table for 
OV range on each unit. 


OVERVOLTAGE PROTECTION ADJUSTABLE 
RANGES - LES-F SERIES. 
MODEL ADJUSTABLE OVERVOLTAGE 
PROTECTOR RANGE 
Voy(min) Voy'max) 


LES-F-01-0V | 0—7.5VDC 10V 

LES-F-02-0V | 0—18VDC 24V 

LES-F-03-0V | 0—36VDC 47V 

LES-F-04-0V | 0—60VDC 70V 
EMI 


Conducted EMI conforms to MIL-I-6181D. 


Cooling 
Convection cooled—no fans or blowers. 


Input and output connections 
Heavy duty barrier strip and output studs on rear of chassis. 


Meters 
Digital panel meter standard on all sets monitors output 
voltage/current by means of a volt/amp selector switch. 


Controls 

DC output controls 

coarse and fine voltage adjust and coarse current adjust on front 
panel. 

Overvolitage protection 

overvoltage trip point set by screwdriver adjust on front panel. 
Power 

on-off switch on front panel. 


Remote sensing 
Provision is made for remote sensing to eliminate effect of power 
output lead resistance on DC regulation. 


Fungus proofing 
All units are rendered fungi inert. 


Options 
Price Price 
i 
a tal Mixed Single 
Price Models Model 
Add For Opera- Qty. Qty. 15 Qty. 15 
Suffix tion at: 1-14 and up and up 
-V 187-242 VAC 12% 12% 10% 
(47-63 Hz”) 
(derate current 10%) 
-V1 205-265 VAC 12% 12% 10% 
(47-63 Hz”) 
*derate 5% at 50 Hz operation 
Accessories 
Chassis slides (KHT-34-012), See catalog. 
Weight 
net: 40 lbs 
ship: 50 Ibs 
Size 


3.1/2" x 19x 16 1/2” (H x W x D) 


Guaranteed for 5 years 

5 year guarantee includes labor as well as parts. Guarantee 
applies to operation at full published specifications at end of 5 
years. 


LK SERIES 
HIGH CURRENT 
POWER SUPPLIES 


All silicon convection-cooled power supplies 
for bench or rack use 


Outstanding Features 


Convection-cooled 
no blower, no external heat sinking 
Regulation 
0.015% or 1 mV — line or load 
Ripple 
500 uV RMS max. 
No voltage spikes or overshoot 
on turn-on, turn-off or power failure 
Series/Parallel operation 


Constant voltage/constant current 


Remotely programmable 
all models, by voltage or resistance 
Remote sensing 
eliminates effect of power output lead resistance on 
DC regulation 
Meet mil, environment specs. 
vibration: MIL-T-4807A 
shock: MIL-E-4970A Proc. 1 &2 
humidity: MIL-STD-819 Meth. 507 
temp. shock: MIL-E-5272C (ASG) Proc. 1 
Altitude: MIL-E-4970A (ASG) Proc. 1 
marking: MIL-STD-130 
Quality: MIL-Q-9858 


LK SERIES 


Three high current, all convection-cooled 
power packages 


0-20, 0-36, 0-60 VDC and up to 66 Amps. 


0-20 VOLTS MAX. CURRENT, AMPS AT 
RIPPLE AMBIENT OF:(1) 

MODEL REGULATION (RMS) 40°C 50°C 60°C 71°C DIMENSIONS PRICE (2) 
LK-340-A-FM 0.015% or 1 mV 500 uV 8.0 7.0 6.1 4.9 5 3/16" x 83/8" x 16” $ 601 
LK-341-A-FM 0.015% or 1 mV 500 uV 13.5 11.0 10.0 7.7 5 3/16” x 83/8” x 16” 779 
LK-350-FM 0.015% or 1 mV 500 uV 35.0 31.0 26.0 20.0 5 3/16" x 19” x 16 1/2" 1082 
LK-360-FM* 0.015% or 1 mV 500 uV 66.0 59.0 50.0 40.0 7” x 19" x 18 1/2” 1683 

0-36 VOLTS 
LK-342-A-FM 0.015% or 1 mV 500 uV 5.2 5.0 45 a7 5 3/16" x 83/8" x 16” $ 601 
LK-343-A-FM 0.015% or 1 mV 500 uV 9.0 8.5 7.6 6.1 5 3/16” x 8 3/8” x 16” 779 
LK-351-FM 0.015% or 1 mV 500 uV 25.0 23.0 20.0 15.0 5 3/16" x 19” x 16 1/2” 1082 
LK-361-FM* 0.015% or 1 mV 500 uV 48.0 43.0 36.0 30.0 7" x 19" x 18 1/2" 1683 
0-60 VOLTS 
LK-344-A-FM 0.015% or 1 mV 500 uV 4.0 3.5 3.0 2.5 5 3/16” x 83/8" x 16” $ 653 
LK-345-A-FM 0.015% or 1 mV 500 uV 6.0 5.2 45 4.0 5 3/16" x 83/8” x 16” 779 
LK-352-FM 0.015% or 1 mV 500 uV 15.0 14.0 12.5 10.0 5 3/16" x 19” x 16 1/2" 1167 
LK-362-FM* 0.015% or 1 mV 500 uV 25.0 24.0 22.0 19.0 7” x 19” x 18 1/2” 1683 


*AC INPUT 188-238 VAC STANDARD 


OVERVOLTAGE PROTECTOR ACCESSORIES 


ADJ. VOLT. RANGE VDC MODEL FOR USE WITH PRICE 
3-24 LH-OV-4 LK-340-A-FM, 341-A-FM $35 
3-47 LH-OV-5 LK-342-A-FM, 343-A-FM 35 
3-70 LH-OV-6 LK-344-A-FM, 345-A-FM 35 
3-70 Add LK-350-FM to 352-FM 100 
“OV tO 
3-70 Model No LK-360-FM to 362-FM 135 


NOTES: 

(1) Current rating applies over entire voltage range. 

(2) Overvoltage protection up to 70 VDC as a built-in option for full-rack models. To order, add suffix ‘’-OV’’ and add $100.00 to price of models 
LK-350-FM, 351-FM, 352-FM. For models LK-360-FM, 361-FM, 362-FM, add $135.00 and order by adding -OV to model number. 

(3) Chassis slides for full rack models: add suffix ‘’-CS'’ to model number and add $70.00 to the price, except for models LK-360-FM, LK-361-FM 
and LK-362-FM, for which add $120.00. 


SPECIFICATIONS 
OF LK 
SERIES 


DC output 
voltage ranges shown in tables. 


Regulated voltage 
regulation line .......... 0.015% or 1 mV_ whichever is 


or load greater for line variations from 
105-132 VAC, (or 188-238 VAC 
LK-360-FM series); or for load 
changes from no load to full load. 
remote programming ........ 200 ohms/volt 
resistance 
remote programming ........ volt per volt 
voltage 
ripple and noise............. 500 uV RMS; with either pos. 
or neg. terminal grounded. 
temperature coefficient ...... 0.015%/°C 
Constant current 
(current regulated line and load) 
Automatic crossover 
VOltage range oc .sssce..sss as shown in tables. 
current range .............. minimum—5% of 40°C rating. 
maximum — as shown in 
tables. 
regulation, line ............ less than 10 mA or 0.1% 


whichever is greater for Input 
Variations of 105-132 VAC 
(188-238 VAC LK-360-FM 
series). 


regulation, load ............ less than 10 mA or 0,1% 
whichever is great — from O 
to rated VDC load voltage 
change. 


AC input 

105-132 VAC, 47-63 Hz. (188-238 Vac, 47-63 Hz LK-360-FM 
Series only). For operation at 50 Hz derate output current by 
10%. 187-242 VAC, see AC option. 


Ambient operating temperature range 


continuous duty from O°C to +71°C with load current ratings 
shown in tables. 


Storage temperature range 
-5B°C to +85°C 


Overload protection 

Thermal 

thermostat; automatic reset when over-temp. condition is 
removed, 


Electrical 

external overload protection: adjustable, automatic electronic 
current limiting circuit limits the output current to the preset 
value, thereby providing protection for load as well as power 
supply. Current limiting settability to 105% of rated current. 
internal failure protection: provided by fuse. 


Input and output connections 
terminal block on rear of chassis 


Meters 
voltmeter and ammeter on all models. 


Controls 

DC output controls 

coarse and fine voltage adjust and coarse and fine current 
adjust on front panel. 


Power 
on-off switch, front panel, — % rack models; circuit breakers, 
front panel — full-rack models. 


Remote Sensing 


provision is made for remote sensing to eliminate effect of 
power output lead resistance on DC regulation. 


Physical data 


Weight 
Lbs Lbs 
Series net ship Size (Inches) 
LK-340-AFM 30 4) 5 3/16 x 83/8 x 16 
LK-350-AFM 95 125 5 3/16 x 19 x 16 1/2 
LK-360-AFM 135 170 7x 19x 181/2 


Panel finish 
brushed aluminum clear anodized panels with grey inlay 
(standard). 


Accessories 


rack adapters LRA-1, LRA-2 (LK-340 series only) chassis 
slides, over-voltage protectors, pot covers, blank panels. 


See catalog. 


Options 
AC input Price 
For LK-340, LK-350 Series Only Single 
Model Price 
Add for operation Price Qty Mixed Model 
suffix at: Qty 1-14 15&up Oty 15&up 
—V 187-242 VAC 12% or $30* 10% 12% or $30* 
47-63 Hz 
—V1 = 205-265 VAC 12% or $30* 10% 12% or $30 
47-63 Hz 


For LK-360 Series Only 


—V1 205-265 VAC 
47-63 Hz 


*Whichever is greater 


12% or $30* 10% 12% or $30* 


For 50 Hz operation derate current 10% for all models 


Fungus proofing 
add suffix “‘R’ to model number and add 10% to price. 


Guaranteed for 5 years 

5-year guarantee includes labor as well as parts. Guarantee 
applies to operation at full published specifications at end of 5 
years. 


LB SERIES 


HIGH CURRENT, HIGH-EFFICIENCY 


POWER SUPPLIES 


for use in main frame comput 
ac¢ ing racks and test eg ip men 


LB-720 Series High-Efficiency 
Power Supplies 


» component life tests 


LB-700 Series High-Efficiency 
Power Supplies 


Convection-cooled - — no internal fans 


AMBIENT OF: (1) | 
: __DIMENSIONS 
7 x 19’ x 20 oe : 
12 3/16" x 19° x 22 1/16" 


"TR xe 
123/16" x 19" x 22 1/16" 


7x19" x 201/16" 
123/16" x 19" x 221/16" 


7x19" x iio 


123/16" x 19” x 22 1/16” 


‘LB-705-FM 
‘omer 0 6=tC(i1G::s«i«iS CO 
LB-726-FM 16 15 14 
NOTES: 
(1) Current rating applies over entire voltage range. 


(2) Pri es include meters. LB Series models are not available without meters. 
models up to and including 60 VDC include built-in over-v: 


| 8.0 7" x 19° x 20 1/1 
13 123/16 19 x 221/ 


i des are available with LB-701 thru LB-706-FM models only. Add - 
suffix “Cs” to the model number and add $250.00 to the prices. 


Outstanding Features 


Up to 87% efficiency 
Regulation 


line 0.05% + 6 mV 
load 0.1% + 10 mV 


Ripple 

10 mV RMS max. by use of electronic ripple reducer 
Convection -cooled 

no blowers or internal fans, no external heat sinking 
Overvoitage protection 

standard on all models up to 60 VDC rating 


No overshoot 
on turn-on, turn-off or power failure 


Remotely programmable 
Remotely sensing 
Magnetics 

designed to MIL-T-27C, grade 6 


Completely protected 
short circuit proof — continuously adjustable 
automatic current limiting 
Constant | /Constant V 
by automatic crossover 
Series operation 
Multi-current-rated 
for 40°C, 50°C, 60°C, 71°C 


SPECIFICATIONS OF LB SERIES 


DC output 


voltage ranges as shown in tables 


Constant voltage 


regulation, line. ........ 0.05% + 6 mV for line variations 
from 187-229 VAC or from 
229-187 VAC 
regulation, load. ........ 0.1% + 10 mV for load varia- 
tions from O to full load 
remote programming,..... 200 ohms/volt nominal 
resistance 
remote programming,..... volt per volt 
voltage 
ripple and noise, ........ 10 mV RMS max; 100 mV RMS 


max for LB-706-FM; 150 mV 
RMS max for LB-726-FM. 

With ‘'V” option: 

15 mV RMS for LB-701 thru 


LB-705; 150 mV RMS for 
LB-706 
temperature........... (0.03% + 0.5 mV/)°C 


coefficient 


Constant current 
(current regulated line and Joad) 


Automatic crossover ..... zero to max. current as shown In 
current range tables 

regulation (line and load... less than 1% + 10 mA for 
combined) 721-725; less than 1% _ for 


701-706 (1% + 50 mA for 
LB-726-FM) for input variations 
from 187-229 VAC or from 
229-187 VAC and from O to 
95% output voltage change 


ripple and noise, ........ for LB-701-LB-705-FM and LB- 
721-FM-OV-LB-725-FM less-than 
(1/Vout*)% RMS of load cur- 
rent either positive or nega- 
tive terminal grounded for LB- 
706-FM, less than (10/Vout*)% 
of load current for LB-726-FM, 
less than (15/Vout*)% of load 
current. With ‘'V" option (1.5/ 
Vout*)% of I DC for LB-701- 
705; (15/Vout)% of I dc for 
LB-/706 

*Vout equals I out Re measured at output terminals of power 

supplies. 


AC input 

208 + 10% VAC; 57-63 Hz, 3 phase + 10% max. phase 
unbalance, 4 wire. For operation at other than 57-63 Hz, see 
AC input option. 

Efficiency 

up to 87% efficiency. 


Response time 
for a 20% load change between 20% and 100% load, the 
voltage will recover to within 0.5 volt in 150 milliseconds. 


Ambient operating temperature range 
continuous duty from O° to 71°C with load current rating 
shown in tables. 

Storage temperature 

-55° to: +65" C. 

Overload protection 

Thermal 

thermostat required resetting of circuit breaker to re-energize. 


Electrical 

external overload protection: adjustable, automatic elec- 
tronic current limiting circuit limits the output current to the 
preset value, thereby providing protection for load as well as 
power supply. Current limiting settability to 110% of rated 
current. 

internal failure protection: provided by primary circuit 
breaker, 

Overvoltage protection 

built-in overvoltage protection on all models up to 60 VDC 
ratings. 

Input connections 

terminal block on rear of chassis. 

Output connections ; 

LB-700 series: 2 heavy duty studs 1/2’’-20 on kB-701-FM-OV 
and LB-702-FM-OV models; all other models: 5/16'’-24 studs 
on rear of chassis. LB-720 series: 4 heavy duty studs 5/16'’-24 
on LB-721-FM-OV and LB-722-FM-OV models; all other 
models: 2 studs, 5/16’’-24, 


Meters 
independent voltmeter and ammeter with +2% accuracy. 


Controls 

DC output and control 

coarse and fine voltage adjust and coarse and fine current 
adjust on front panel. 

Power 

circuit breaker to protect against internal failure and to 
provide an on-off control on front panel. Pilot lamp on front 
panel energizes when circuit breaker is ‘‘on"' 

Remote sensing 

provision is made for remote sensing to eliminate effect of 
power output lead resistance on DC regulation up to 5 Volts in 
each leg.. 


Physical data 


Weight 
Lbs Lbs 
Series net ship Size (Inches) 
LB 700 230 240 7x 19x20 1/16 
LB 720 360 410 12 3/16 x 19 x 22 1/16 


Panel finish 
brushed aluminum clear anodized panels with grey inlay. 


Chassis finish 
grey, FED. STD. 595 No. 26081 


Options 
AC input Price 
For LB 700 Series Only Single 

Model Price 
Add for operation Price Oty Mixed Model 
suffix at: Oty 1-14 15&up Oty 15 & up 
—V 208 + 10% VAC 12% 10% 12% 


47-53 Hz 3 phase 

For 50 Hz operation derate current 10%. 

—V1 230 + 10% VAC 12% 10% 12% 
57-63 Hz 3 phase 

For LB-720 Series Only 


—V1 230 + 10% VAC 12% 10% 12% 
57-63 Hz 3 Phase 
Accessories 


chassis slides (LB-701-FM-OV thru LB-706-FM models only) 
and pot covers. See catalog. 

Guaranteed for 5 years 

5-year guarantee includes labor as well as parts. Guarantee 
applies to operation at full published specifications at end of 5 
years, 


LR SERIES 
HIGH PERFORMANCE 
POWER SUPPLIES 


MAX. CURRENT 
AMPS AT AMBIENT OF: (1) 
40°C 50°C 60°C 


DIMENSIONS PRICE 


5 3/16" x 43/16" 
x 15 1/4” 


53/16 x 8 3/8" 
x 103/32 


C rrel t rating applies over entire voltage range. Ratings based on 
+6° yperation. Derate current 10% for 50 Hz input. 


LR-61 3-DM % R: ck p 


with DIGITAL RE 


Outstanding Features 


Regulation 
0.0005% + 100 uV line or load 
Ripple 
35 uV RMS 
Accuracy 
0.01% + 1 mV 
Stability 
0.001% + 100 uV over 8 hr. period 
Temperature coefficient 
(0.001% + 10 uV)/°C 


Constant | /Constant V 
by automatic crossover 


2 meters 
monitor both voltage and current simultaneously and 
continuously. 


Digital readout 
for voltage output on all LR-DM models. 


Convection -cooled 
for convenience and reliability . . 
heat sinks 
Remote sensing 


Remote programming 


. no blowers or external 


by external voltage or resistance for convenience in systems, 
test equipment and automatic equipment applications. 
Auto series/auto parallel 
with Master-Slave tracking 
Completely protected 
short-circuit proof; continuously adjustable automatic 
current limiting. 
Overvolitage protection 
available as low cost add-on accessory. 


SPECIFICATIONS 
OF LR 
SERIES 


DC output 
voltage ranges shown in tables. 


Regulated Voltage 


regulation, line... ......6e. 0.0005% plus 100uV for line 
variations from 105-132 
VAC. 
regulation, load............ 0.0005% plus 100uV for load 
variations from O to full load. 
remote programming........ 1000 ohms/volt. nominal 
resistance 
remote programming........ volt per volt 
voltage 
ripple and noise. ........... 35uV RMS, 100uV_ pk-pk 


with either positive or nega- 
tive terminal grounded, with 


60 Hz input. 
temperature coefficient ...... (0.001% plus 10uV)/°C 
Constant current 
(current regulated line or load) 
Automatic crossover 
voltage range .........2200% as shown In tables. 
CUITONL (TANUG ss 2.6 sw eos eas continuously adjustable from 
1% to 100% of 30°C rating. 
FOOUTATION. 2 oe wy eb oo de ok less than 2.0mA for input 
(line or load) variations of 105-132 VAC 
and from O to rated VDC 
load voltage change. 
rippleand ..............-. less than 500uA with either 
noise pos. or neg. terminal 
grounded. 
AC input 


105-1382 VAC, 47-440 Hz (derate DC output current 10% at 
50 Hz). 187-242 VAC or 205-265 VAC, 47-440 Hz, see AC 
input option. 

Accuracy * 

0.01% plus 1 mV at 25°C. 


Stability * 
0.001% plus 100 uV over any 8-hour period after 30 minute 
warmup. 


*“Remote programming mode only on FM models, 


Ambient operating temperature range 


continuous duty from O° to +60°C with load current ratings 
shown in table 


Storage temperature range 
—55°C to + 85°C. 


Overload protection 

Thermal 

thermostat; automatic reset when overtemperature condition 
is removed, 


Electrical 

limiting circuit limits the output current to the preset value, 
thereby providing protection for load as well as power supply. 
Current limiting settability to 105% of rated current. 


internal failure protection: provided by fuse. 


Input and output connections 
covered DC output and AC input terminal blocks on rear of 


chassis, 


Controls 

DC output controls 

coarse and fine voltage adjust on FM models; 5 digits voltage 
readout system including a continuous vernier on DM models, | 
Current limiter 

coarse and fine front panel concentric controls on FM models; 
single front panel control on DM models, 

Power 

on-off switch, front panel. 


Remote sensing 
provision is made for remote sensing to eliminate effect of 
power output lead resistance on DC regulation, rear panel. 


Physical data 


Weight 
Lbs Lbs 
Series net = ship Size (Inches) 
LR-602A-FM 11 14 5 3/16 x 43/16 x 15 1/4 
LR-613-DM 14 17 5 3/16 x 8 3/8 x 10 3/32 


Retractable Bench Rest included for LR-FM Series 


Finish 

DM Models only .......... Brushed aluminum clear an- 
iodized panels (standard). 

FM Models only .......... Tan glass-filled, flame-retard- 
ant nylon panels. 

Accessories 


rack adapters LRA-1, LRA-2, overvoltage protectors, pot 
covers, blank panels. See page 153. 


Options Price 
AC input Single 
Model Price 
Add _ for operation Price Oty Mixed Model 
suffix at- Qty 1-14 15&up Oty 15 & up 
—V 187-242 VAC 12% or $30* 10% 12% or $30* 
47-440 Hz 
—V1 205-265 VAC 12% or $30* 10% 12% or $30* 
47-440 Hz 


*Whichever is greater 
For 50 Hz operation derate current 10%, 


Fungus proofing 

add suffix ‘“R’’ to model number and add 10% to price except 
LR-DM models, for which fungus proofing option doesn’t 
apply. 

Guaranteed for 5 years 

O-year guarantee includes labor as well as parts. Guarantee 
applies to operation at full published specifications at end-of-5 
years, 


LF-9-04 POWER SUPPLY 
LF-9-04-GPIB POWER SUPPLY 


he most advanced automatic 
test equipment power supplies 
on the market today 


Now 2\ Lambda offers two power 
supplies for your automatic test equipment | 
90wer Supply requirement. It provides plus - 
dr minus 0-50 volts at 2 amperes DC with 
the following features: 


zero over-ride 


_ oe -_ 
_ — input | 


Dp overshoot—1 volt | 4 


_ transient response | 
 —6dtsd 2 msec | 


SPECIFICATIONS OF LF-9-04 


DC output 


MAX AMPS AT AMBIENT OF: 
Volt (VDC) 40°C 50°C 60°C 
Oto+49.95 1.98 1.8 1.6 


Output range 


X1 range: + 9.99V in 10 mV steps 
*X5 range: +49 95V in 50 mV steps 
X10 range: ASCII only — selected automatically (O- to 


+499 V in 100 mV steps 


Source or sink 
1.98 amps continuous 


Regulated voltage 


PEGUIAT ON HNC. ciavwaswesantensacesd 0.01% — for line variations 
105-132VAC (see AC input 
option) 

regulation load ............ee ee 0.01% — for load variation of 

(all ranges) O to full load. 

ripple and noise...............0600. X1 range: 2.0 mV pk-pk max 


*X5 range: 10 mV pk-pk max 
X10 (ASCII): 20 mV pk-pk 
max 

temperature coefficient ....... Voltage 
X 1 range: .005%/°C+35 wV/°C 
*X5 range:  .005%/°C + 
0.115 mV/°C 
X10 range: (ASCII only) 
005%/°C +.215mV/°C 
Current 
All ranges: 500 uwA/°C 

Constant current operation 

Current Range: 1% to 99% of full scale 

Regulation line... ...... 1 mA max 

lOO! 4.566% wees 20 mA max 


AC input 
105-132VAC, 47-440Hz. For 187-242 or 205-265 VAC see 
AC input option. 


Ambient operating temperature range 


continuous duty from 0° to 60°C with load current ratings 
shown in table. 


Storage temperature range 
—55°C to +85°C 


Basic accuracy 
(at 25°C, 115VAC input and 
FIO! (OGY) scnccacs catch aveccdactatsSennuss Voltage 
X1 range: 3 mV 
*X5 range: 15 mV 
X10 range: 30 mV (ASCII 
only) 


Current 
All ranges: 10 mA 


Resolution................... Voltage 
XT range: 10 mV 
*X5 range: 50 mV 
X10 range: 100 mV (ASCII) 
Current 
All ranges: 20 mA 


Transient response 
1.2 msec to within .05% of full scale for 90% load change 


*BCD only 


Overshoot 
Worst case overshoot 1 volt under any conditions 


Input data word: 
A 24 Bit data word is used comprising of 12 bits BCD 
voltage programming, 8 bits BCD current and one bit each 
for gain, polarity and current limit override. Data word may 
be accepted in 3, 2, or 1 sequential segments of 8, 12, 2 

bits, or ASCI] to make up the 24 bits. Current is pro- 
grammed as a percentage of full scale. | 


Programming time: 
see graphs on page 113. 
Data validity 

10 psec 


Data loading | 
Logic Levels—all O to +5V, One CMOS jioad per ae 
| 
| 


Compatible with TTLor DTL 
Interface requirements: 
CMOS — direct 
DTL — direct 
TTL — direct, with a 10K pull up resistor on each 
data line to +5V bus. 


Control lines | 
One TTLor DTL buffer per line 

Data Flag — CMOS input 

Zero Override — requires sinking of 15mA, compatible wit 
DTL or TTL buffers | 
Final Transfer Pulse — CMOS input | 
Output flags | 


1. Current Limit Flag — optical coupler, conducting wher! 


to accept new data. 
Cooling 


Convection-cooled, no heatsinks or blower necessary 


IN Current limit 
2. Busy Ready Flag — open collector, logic zero when read 
Mounting positions 


one mounting position on horizontal plane 
Input/output connections through heavy duty barrie 
strip and connector 

Model Size Weight 


Ibs net — = 


Physical data 
(Package 9) —_ (inches) 


LF-9-04 415/16x71/2~x 14 20 
Options 
AC input 

Add for operation Add to 
Suffix at: Price 
_\V 187-242 VAC, 47-440 Hz 12% | 
—V; 205-265 VAC, 47-440 Hz 12% 
Accessories: 


rack adapters LRA-15, LRA-17. Overvoltage protectors, 
chassis slides, blank panels. See catalog. 


Guaranteed for 5 years. 

5-year guarantee includes labor as well as parts. Guarante 
applies to operation at full published specifications at en 
of 5 years. 


a 


SPECIFICATIONS OF LF-9-04-GPIB 


DC output 


MAX AMPS AT AMBIENT OF: 
Volt (VDC) 40°C 50°C 60°C 


Oto+49.95 198 1.8 1.6 
Output range 


X1 range: + 9.99V in 10 mV steps 
X10 range: selected automatically (O- to 
+49 9 V in 100 mV steps 


Source or sink 


1.98 amps continuous 


Regulated voltage 


FEGUIQTION TING. ccncceedessevecaveste: 0.01% — for line variations 
105-132VAC (see AC input 
option) 

regulation load ..................... 0.01% — for load variation of 

(all ranges) O to full load. 

ripple and noilse.................... X1 range: 2.0 mV pk-pk max 
X10 :20 mV pk-pk max 

temperature coefficient ....... Voltage 
X 1 range: .005%/°C+35 wV/°C 
X10 range: 
005%/°C +.215mV/C 
Current 


All ranges: 500 pA/°C 
Constant current operation 
Current Range: 1% to 99% of full scale 
Regulation line. ........ 1 mA max 


WOOG: ag. go se % 20 TO ia 


AC input 

105-132VAC, 47-440Hz. For 187-242 or 205-265 VAC sce 
AC input option. 

Ambient operating temperature range 


continuous duty from O° to 60°C with load current ratings 
shown tn table. 


Storage temperature range 
—55°C to +85°C 


Basic accuracy 
(at 25°C, 115VAC input and 
[Loe (0 2 | onreety rae eae nenee Trae Voltage 
| X1 range: 3 mV 
X10 range. 3S0mV 


Current 
All ranges: 10 mA 


Resolution. ............... Voltage 
X1 range: 10 mV 
X10 range: 100 mV 
Current 
All ranges: 20 mA 


Transient response 


1.2 msec to within .05% of full scale for 90% load change 


Overshoot 


Worst case overshoot 1 volt under any conditions 


input Data Format: 


Data is entered in bit-parallel, byte-serial format as specified 
by IEEE Std. #488. The 24 programming bits contain 12 
bits BCD voltage programming, 8 bits BCD current 
programming and one bit each for gain, polarity and mode, 
The valid data format is ASCII. 


Programming time: 
see graphs on page 113. 


Data Loading: 


Logic levels (O"’ > + 2.0V; ‘1 <+ 0.8V) and interface 
requirements are as specified in IEEE Std. #488, 


Data Input Lines: 
DIO-1 thru 8 as specified in IEEE Std. #488. 


Control Lines: 


ATN, EOI, IFC, NRFD, NDAC, DAV, SRQ, REN* as 
specified in IEEE Std. #488. All control and data input 
lines are accessed through 24-pin GPIB connector on back 
panel. The SRQ line is activated by a current overload 
condition while in constant voltage mode or overvoltage 
limit condition while in constant current mode. Mode of 
operation programmed with mode bit. 


*REN jis not a usable function for the LF-GPIB and is 
terminated in a logical ‘’O”’. 


Cooling 


Convection-cooled, no heatsinks or blower necessary 


Mounting positions 
one mounting position on horizontal plane 


Input/output connections through heavy duty barrier 
strip and connector 


Physical data 


Model Size Weight 
(Package 9) (inches) Ibs net Ibs ship 
LF-9-04-GPIB 4 15/16 x 71/2 x 145/8 20 s 22 
Options 
AC input 
Add for operation Add to 
Suffix at: Price 
=—V 187-242 VAC, 47-440 H, 12% 
Vi 205-265 VAC, 47-440 Hz 12% 
Accessories: 


rack adapters LRA-15, LRA-17 Overvoltage protectors, 
chassis slides, blank panels. See catalog. 


Guaranteed for 5 years. 

5 year guarantee includes labor as well as parts. Guarantee 
applies to operation at full published specifications at end 
of 5 years. 


SPECIFICATIONS OF LF-9-04, LF-9-04-GPIB 


Programming Time mSec Vs Programmed 
Voltage Step (Constant Current Load) 


TT. i. si. J. 4. 
[7 | A 


ip = DIFFERENCE BETWEEN 
PROGRAMMED CURRENT 
AND LOAD CURRENT AP.- 
PLIES TO CONSTANT CUR- 
RENT NON-CAPACITIVE LOAD 


Programming Time mSec Vs Programmed 
Voltage Step (Resistive Load) 


| || 
Ip =Programmed current 
R,_ = Load resistance 


msec msec 
lp =2.0A Ip = 1.5A 
100% Full Load 75% Full Load 
60 60 
lp = programmed R_ = 1000 Ip = programmed current | | 
50} current SOF R,) = Load resistance 
4o| RL = Load Ao 
4 | resistance ie 
630 =30 
= ° 
20 ? 20 
10 10 
1 r 3 2 I 232 4 8 6 7 8 9 
msec msec 
Ip = 1.0A Ip =O0.5A 
50% Full Load 25% Full Load 


Programming Time mSec Vs Programmed 
Voltage Step (Capacitive Load) 


Volts 


msec msec 


Ci, =25 mfd C, = 50 mfd 
Load Capacitance Load Capacitance 


C, = 100 mid C) = 200 mfd 


Load Capacitance Load Capacitance 


Ip = Difference between programmed current and 
constant load current. 


DEFINITION OF TERMS: 


Resolution: 
Minimum programmable change 


Basic Accuracy: | 
Maximum deviation from programmed value at 25° 
constant temperature, 115 VAC and no load. 


Programming Time: | 
Time, after data entry, required for the supply to sett 
within 0.05% full scale. 


Data Flag: (Not Applicable to GPIB) 
Customer generated 3.3 usec minimum pulse, beginni 
at least 2 usec after date is presented, to signal that dz 
is available and ready for processing. 


Final Transfer Pulse: (Not Applicable to GPIB) 
Customer generated 2 psec minimum pulse beginni 
at least 300 usec after first data flag, to transfer dé 
from input shift register into storage and the DAC 
This pulse is internally generated by the system f 
ASCII. 


Data Validity: (Not Applicable to GPIB) 
Minimum time for which data must remain present afte 
data flag. 


Transient Response: | 
Time required for supply to return to within 0.05% ft 
scale of programmed value, for 90% change of load. 


Overshoot: 
Magnitude of voltage by which output may exceée 
programmed value or fall below zero volts durin 
turn-on, turn-off, voltage to current limit crossover ¢ 
current limit to voltage crossover and programming. 


Zero Override: (Not Applicable to GPIB) 

Input signal pulse programs output of power supply t 
zero volts. This signal is also activated when input dat 
plug is pulled out. Zero override is a system featur 
that may be utilized in an emergency by forcing th 
Output to zero volts from any previous state. When i 
that mode the output will be kept at zero +50 mV ma» 
While the output ripple will be limited to 15 mV pk-p 
max. 


Output Flags: 
System generated signal, available to the user throuc 
the input data connector. 


ee Specifications of LF-9-04-GPIB 


IEEE Standard #488 specifies a system for the 
interconnection of as rnany as 14 pieces of test equipment 
on a single 24-wire bus controlled by a central processing 
unit. The bus consists of 8 bidirectional data lines, 8 
command lines and 8 ground lines. Data is transferred along 
the bus via a specific 3-wire “handshake” process, This 
process greatly reduces the possibility of lost data since any 
one operation must be confirmed by all addressed units 
before the following operation may commence. 


The address system allows the controller to identify the 
units which are to transmit or receive data while allowing 
the other units on the bus to function uninterrupted. The 
service request (SRQ) line provides each module on the bus 
with the ability to inform the controller if a particular 
condition in that module wdrrants attention or service. 


Listed below are the designations of the 8 command lines 
and a brief function description for each: 


1. ATN (ATTENTION) — This line is used to call the 
attention of all units on the bus (i.e., all units are 
listening). All command instructions must be given 
under this signal. 


2. IFC (INTERFACE CLEAR) - This line is used to set the 
interface—parts of which are contained in all units on 
the bus—at a known quiescent state. 


3. SRO (SERVICE REQUEST) - This line provides a means 
for each unit on the bus to indicate to the controller 
that a condition exists which may require attention or 
Service. 


ACCESSORIES 


Overvoitage Protectors Accessories 


UMMARY OF THE IEEE STD. #488 


4. EO! (END OR IDENTIFY) - This line is used to indicate 
the end of a particular multiple-byte transfer sequence, 


5. REN (REMOTE ENABLE) - This line is used to select 
between two alternate sources of device programming 
data (1.e., computer control or local control). 


The remaining three commands comprise the three-wire 
‘handshake’ process. This process utilizes interlocking 
command sequences to transfer each data byte across the 
interface. These sequences can only proceed at the rate of 
the slowest addressed unit on the bus, thus assuring that all 
units on the bus can completely assimilate the data. 


6. DAV (DATA VALID) - This command is used by the 
“talker’’ to indicate that the data on the DIO signal lines 
is valid and ready to be processed. 


7. NRFD (NOT READY FOR DATA) - This line is used by 
the ‘‘listeners’’ on the bus to indicate whether or not 
they are ready to process the next byte of data. 


8. NDAC (NOT DATA ACCEPTED) - This line is used by 
the ‘‘listeners’’ on the bus to indicate that the data on 
the line has been processed and can now be removed, 


Consult Factory For: 


A. Application information using BCD as input format. 


B. Application information using IFC as an emergency 
shutdown. 


Adj. Volt. 
Range VDC Model For Use With Price 
3-24 LH-OV-4 LP-530-F M, LP-531-FM, LK-340A-FM, LK-341A-FM, $ 35 
LP-410A-FM. LP-411A-FM, LPD-421A-FM, LR-602A-FM 
LP-520-FM, LP-521-FM 
3-47 LH-OV-5 LP-532-FM, LK-342A-FM, LK-343A-FM, LP-412A-FM, 35 
LPD-422A-FM, LP-522-FM 
3-70 LH-OV-6 LP-533-FM, LK-344A-FM, LK-345A-FM, LP-413A-FM, 35 
LPD-423A-FM, LP-523-FM, LP-413A-FM, LR-613-DM 
Add “-OV” to LK-350-FM, LK-351-FM, LK-352-FM, 100 
power supply 
model number LK-360-FM, LK-361-FM, LK-362-FM 135 


Adjustable Crowbar type (Mounting provisions provided 2 terminal connections.) 


RACK ADAPTERS 


LRA-1 Rack Adapter 


= he W) : series $85 


U 


we 


5 3/16"'H x 19'‘W x 16 1/2”’D 
For use with LP, LPD, LK, LR, 


LRA-2 Rack Adapter 

5 3/16" Heights 

For use with LP, LPD, LK 
LR series $50 
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Design Ideas 


Circuit detects 2’s-complement overflow | 


Thinh Van Nguyen 
Technology Service Corp, Los Angeles, CA 


The addition of two 2’s-complement numbers 
ignores the resulting carry. A sum always has 
its sign bit at the most significant position; 
however, if the sum exceeds the range repre- 
sented by the same number of bits, overflow 
results. This detector circuit recognizes over- 
flow conditions and forces the sum to its 
maximum value (either positive or negative) 
by examining the sign bits of the summed 
numbers: 

e If two numbers have different signs, 
their sum is always within range; no 
correction is needed. 

« If two numbers have the same sign, 
overflow occurs when the sum of two 
negative numbers is positive or when the 
sum of two positive numbers is negative. 

The figure shows the 8-bit detector circuit, 


which, as described, examines the sign bits of 


(a) 


SIGNS OF 


NUMBERS SIGN OF SUM CONDITION REPRESENTED AS 
0 0 1 OUT OF RANGE = 01111111 (MAX POS) 
1 0 OUT OF RANGE ~— 10000001 (MAX NEG) 
0 0 0 
4 : WITHIN LET RESULT GO 
O84 DON'T CARE RANGE THROUGH 
+0 DON’T CARE 

(b) 

A B OUTPUT 

1 DON’T CARE LET THROUGH 

0 0 10000001 

0 1 01111111 


The signs of the two numbers, in conjunction with the sign of 
their sum (a), cause the output (b) to switch to the appropriate 
value. 


two numbers in conjunction with the sign bit 
of their sum. The circuit switches data to 
maximum positive or maximum negative, or 
lets the result through, as shown in the table. 

EDN 


To Vote For This Design, Circle No 450 


MOST SIGNIFICANT 
BITS 
(SIGN BITS) 


INPUT O 


INPUT O 


ADDERS 


An 8-bit detector circuit senses an overflow condition and forces the sum to its maximum value. 


EDN FEBRUARY 20, 1979 


OUTPUT 


DUAL 4-TO-1 DATA SELECTORS 


155 


156 


‘INTELLIGENT DVM's 
from Guildline 


GUILDLINE 


Guildline’s two new voltmeters measure DC 

voltage, AC voltage and resistance PLUS they 
use their measured results as a data base for 
processing information on a real time basis. 


MEASUREMENT 


Conventional measurements can be displayed, 
processed and displayed, and recalled at the end of 
each run. Accuracy + 0.0009% ¢ Stability— 7ppm/ 
6 months * Resolution — 1uV * Scale length— 3% 
digits to 6/2 digits * Ranging — auto and manual 

¢ 400 high speed readings/second 


PLUS 


Microprocessor Controlled Features include 
automatic calibration balance, 9 built-in programs — 
21 individual calculations. 

Full math capabilities: Y = Ax + Bor Y = A(x + B) 


PLUS 


Special Processing Power 


DATA REDUCTION — scaling, offset, ratio, logarithmic, 


(Sui 


MODEL 9575—5'. digit (shown above) 


MODEL 9576—6'. digit 


Similar measurement functions 
Different performance capabilities 


~ Squaring, and thermocouple linearization 


STATISTICAL — -‘% deviation, rolling average, updated 
variance, updated standard deviation, RMS, min., 
max., peak to peak 


CONTROL— high-low limits, real time programmable 
- Clock, full internal time control: start, stop, interval 


between measurements and run time 


PLUS 
Data Systems Options 
IEEE —488/1975, RS-232, Binary, BCD 
Independent connectors offer time sharing between 
GP-IB and RS-232. 10 nanavolt resolution with any 
interface option to 62 digits 


To get a wealth of information at your fingertips, 
call or write 


2 Westchester Plaza, Elmsford, NY 10523 (914) 592-9101 * TELEX —GUILDLINEEMFD145487 


For more information, Circle No 67 
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Remove F/V- converter aT 


Wesley Grenlund 
Beloit Corp, Rockton, IL 


A frequency-to-voltage converter transforms a 
digital pulse train into a corresponding analog 
signal. Because of the nature of the conversion 
technique, an ac ripple remains superimposed 
on the de signal—some applications can’t live 
with this ripple. To eliminate it, you might 
increase the size of the integration capacitor, 
but that approach reduces the converter’s 
speed. The circuit diagrammed in the figure, 
however, reduces ripple by 40 dB and still 
retains its response speed. | 

The circuit ac-couplés the inverting input of 
an operational amplifier and direct-couples the 
noninverting input; the op amp’s common- 
mode rejection ratio cancels the ac component 
in the output. The degree of cancellation 
depends on the matching of the input and 
feedback circuits. R; provides adjustment for 
variations in amplifier parameters; vary it for 
minimum ac feedthrough at the lowest fre- 


Carl Nelson 
National Semiconductor, Santa Clara, CA 


Current sources consisting of an op amp and a 
unity-gain transfer device serve well in appli- 
cations requiring fixed or programmable out- 
put current. Fig 1 illustrates the use of a 
bipolar transistor as a transfer device in such 
a source; unfortunately, the transistor’s less- 
than-unity transfer ratio—its error equals 
1/1+h,.)—limits this circuit’s initial accuracy 
and output impedance. At voltages approach- 
ing the transistor’s saturation voltage, hy, 
falls off rapidly, introducing a large error. 
The addition of a few resistors, as shown in 
Fig 2, dramatically improves performance; the 
circuit tracks well with a collector-emitter 
voltage lower than Q,’s saturation voltage. 
This modification senses Q,’s base current 
through R, and includes this voltage in the 


EDN FEBRUARY 20, 1979 


Improve current-source performance 
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Take advaniage of an op amp’s common-mode rejection ratio 
to provide up to a 40-dB reduction in the ripple of the output of 
an F/V converier. 
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Fig 1—A simple circuit provides a satisfactory current source. 


control amplifier’s feedback loop. Because the 
controlled parameter then equals the collector 
current, the output remains independent of 
hy-. You must, however, maintain this identi- 
Ly: 

R;/Re=R;/R,=R,/R). 

Output current equals V,,/R,, assuming zero 
offset voltage and input current for IC,. Input 
impedance is given by 

Ziy=—(R;R vel Ry). 
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Design Entry Blank 


$25 Cash Award for all entries selected by editors. 
An additional $50 U.S. Savings Bond Award for 
winning design each issue, determined by vote of 
readers. Additional $1000 Bond Award for annual 
Grand Prize Design, selected among semimonthly 
winners by vote of editors. 


To: Design Ideas Editor 
EDN 
Cahners Publishing Co. 
221 Columbus Ave., Boston, MA 02116 
| hereby submit my entry for 
EDN’s DESIGN IDEAS PROGRAM. 


Name 


Title Phone 


Company 


Division (if any) 


Street 


We State Zip 


Design Title 


Print full name (no initials) and home address on 
lines below for mailing of your bond if chosen 
monthly issue winner. Also, please include your 
Social Security number. 


Social Security No. 
Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EDN, 
must be original with author(s), must not have been 
previously published (limited-distribution house 
organs excepted), and must have been constructed 
and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co. unless entry is returned to author or 
editor gives written permission for publication 
elsewhere. 

In submitting my entry, | agree to abide by the 
rules of the Design Ideas Program. 


Signed 


Date 


Your vote determines this issue’s winner. All 
designs published win $25 cash. All issue winners 
receive an additional $50 U.S. Savings Bond and 
become eligible for the annual $1000 U.S. Savings 
Bond Grand Prize. 


Vote now, by circling the appropriate number on 
the reader inquiry card. 

Submit your own design, too. Mail entries to 
Design Ideas Editor, EDN, 221 Columbus Ave., 
Boston, MA 02116. 
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Fig 2—You can improve the performance of the current 
source by adding a few resistors. 


50.05 


A a ath 
IMPROVED A __| CURRENT 
VERSION —M 


COLLECTOR CURRENT (mA) 
b 
ice) 
oO 
o 


REGULATION 
0.5V < Vout < 50V 


Fig 3—Compare the performance of the basic circuit and the 
improved version. 


The values shown in Fig 2 are typical for a 


50-mA output current. Fig 3 compares the 
performance of the circuits shown in Figs 1 
and 2. EDN 
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JOB SHOPPING? 


Check EDN’s Career Opportunities 


EDN: Everything Designers Need 
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Quality Semiconductors 
ts our Only Business 


If it's power you need, we have the product and range 


Semikron, a quality manufacturer since 1951, offers a wide 
range of medium and high power semiconductors in discrete 
form or complete assemblies in engineered stacks for all 
types of power control applications. Components and 
assemblies are manufactured to the most stringent quality 
control attainable yet consistent with cost-effectiveness. 


Product range: diodes up to 320A and 1600V, fast diodes up 
to 90A and 1000V, avalanche and high voltage diodes, 
controlled avalanche bridges, single and three-phase bridge 
modules, triacs, assemblies, and heat sinks. 


For over 25 years Semikron has enjoyed a leadership role in 
original and innovative research and production. Consistent 
product reliability accounts for the fact that more and more 
engineers have specified Semikron as first choice. Our 
modern New Hampshire plant can meet your delivery and 
service needs in addition to the technical backup and reliable 
delivery that is available from our 26 subsidiaries in Europe 
and throughout the world. 


“eigen 
iii Ra PTO eRe , <r 
. se eeneoeer xR TR RAEN ERTTRT 
oe LEEKS AWeeaseaeen 


m : 
Complete line of low, medium, and high power diodes and 
thyristors — and high speed fast recovery diodes and thyristors. 


A 

Controlled and non-controlled power 
modules — the first electrically isolated 
modules in the world, now oo imitated 
by major semiconductor manufacturers. 


Typical array of small and medium power 
bridges, half controlled bridges, ava- ie 
lanche bridges, and doublers. 


Write or call today on your specific requirements. = s Vi ; u a [} a 


Tel: 603 883-8102 INTERNATIONAL INC. 


11 Executive Dr. / P.O. Box 83, Hudson, N.H. 03051 
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High-speed (1-GHz) scope mainframe 
resolves 20 psec on full-size screen 


High-speed electron-optics 
technology and microwave- 
circuit techniques combine 
in this oscilloscope to double 
the state-of-the-art band- 
width from 500 MHz to 1 


GHz. 
Model 7104 _ integrates 
a distributed horizontal- 


deflection system, a mesh- 
less scan-expansion lens and 
a microchannel-plate elec- 
tron multiplier with micro- 
stripline elements. The com- 
bination permits observa- 
tion of events as short as 20 
psec in duration, using eali- 
brated sweep speeds of 200 
psec/div. You can see these 
very high-speed single-event 
pulses directly, without re- 
sorting to photography, be- 
cause display brightness has 
been increased three orders 
of magnitude compared with 
previously available high- 
speed CRTs. 

To obtain the 7104’s giga- 
hertz performance, engi- 
neers at Tektronix also 
developed proprietary very 
high-speed ICs, then im- 
proved on existing packag- 
ing techniques by designing 
metallized-elastomer inter- 
connects to lower reflection 
losses and mismatches 
(EDN, January 5, 1978, pgs 
36-42). And to ensure maxi- 
mum usefulness in a labora- 
tory environment, they in- 
corporated into the main- 
frame a number of signifi- 
cant features: 

¢ A horizontal bandwidth 

of de to 350 MHz 


Proprietary developments in CRT technology a//low Model 7104 to achieve its 
photographic writing speed of 20 cm/nsec. Measuring 23.5x12x13.6 in., the 
high-speed scope mainframe weighs 44 Ibs and accepts four 7000 Series plug ins, 
including three specifically developed to support it. 


« Rise times of less than 
350 psec 

e A photographie writing 
speed of 20 cm/nsec 

¢ Sweep triggering to 1 
GHz 

¢ Vertical sensitivity of 
10 mV/div to 1V/div 

e Full-size display (70x85 
cm). 


Versatile configurations 


Another important fea- 
ture of the 7104 is its 
compatiblity with all Tek- 
tronix 7000 Series plug ins. 
The mainframe can accept 
up to four modules, so you 
can configure it as a 


general-purpose scope, a 
spectrum analyzer or one 
of many other specialized 
instruments. (Three addi- 
tions to the manufacturer’s 
plug-in line specifically sup- 
port the 7104: the 7A29 
vertical amplifier and the 
7B10 and 7B15 time bases.) 
A typical working oscillo- 
scope system—consisting of 
the 7104 mainframe plus the 
7A29, 7B10 and 7B15 plug 
ins—costs $19,485. 
Tektronix Inc, Box 500, 
Beaverton, OR 97007. Phone 
(800) 547-1572; in Oregon, 
644-9051. Circle No 453 
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Squarewave 
settling time 
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All waveforms with 
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_ clusive results. 


ap aliens ah as ‘VCO testing, y you’ re eine Se more con- 


- “nota oo | | iB : 
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New Products 


COMPUTERS 
& PERIPHERALS 


DISC INITIALIZER. Insert a floppy 
disc, push the Start Initialize button 
and in less than 45 sec the 3PX119 
formats all 77 tracks with appropriate 
sector-ID and data fields, records the 
index track and verifies the entire 
disc’s format. The self-contained unit 
accepts any 8-in. floppy disc and 
generates 128-, 256- or 512-byte 
sectors in any IBM-compatible soft- 
sectored format. $12,750 with three 
standard formats. Three Phoenix Co, 
10632 N 21st Ave, Phoenix, AZ 85029. 
Phone (602) 944-2222. Circle No 260 


TERMINAL STORAGE. Providing off- 
line data storage (up to 12k charac- 
ters) and editing, TSU Series units 
feature variable top of form and 
programmable answerback. All com- 
mands to enter, print or edit data are 
in English, and all units communicate 
with a terminal over an RS-232 
interface. $300 to $1350. Tri-Data 
Corp, 505 E Middlefield Rd, Mt View, 
CA 94043. Phone (415) 969-3700. 
Circle No 261 


SERIES/80 RACKMOUNT. Accepting 
up to eight Series/80 uC, memory and 
interface boards, the RMC 660 
comprises two system-board chassis, 
a power supply and a front panel with 
switches, all mounted in a standard 
RETMA enclosure weighing 49 Ibs. 
Power, bus and control lines intercon- 
nect with etched backplane circuits, 


thereby allowing customer expansion. 
$1250. National Semiconductor Corp, 
Computer Products Group, 2900 
Semiconductor Dr, Santa Clara, CA 
95051. Phone (408) 737-6593. 

Circle No 262 


DATA-ENTRY STATION. The stand- 
alone Model 20 provides 64k bytes of 
memory, a CRT terminal and two 
double-density floppy-disc drives, all 
incorporated into a wooden desk unit. 
A 150/180-cps printer handles output 
in 132 columns. $19,900. Computer 
Systems Development Inc, 4154 
Crossgate Dr, Cincinnati, OH 45236. 
Phone (513) 984-6622. Circle No 263 


TYPING SYSTEM. Capable of storing 
and handling up to 256 pages, the No 
Problem LC provides typing and 
editing functions for the production of 
multipage reports, manuals, technical 
publications and other documents. 
The system consists of an electronic 
keyboard, video display, disc-storage 
unit and high-speed printer. A single- 
disc system costs $16,900. Lanier 
Business Products Inc, Atlanta, GA 
30324. Phone (404) 329-8000. 

Circle No 264 


PRINTER/MONITOR. Designed to 
monitor, print and document actual 
network data and test procedures, the 
D-201 also serves as a peripheral to its 
manufacturer's D-500 and 600 moni- 
tors. It oversees asynchronous lines at 
50 to 9.6k bps. Fully portable, the 
D-201 measures 5.25x16x17 in. and 
weighs <28 Ibs. $4500. Spectron 
Corp, 344 New Albany Rd, Moores- 
town, NJ 08057. Phone (609) 234-5700. 
Circle No 265 
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THE BEST-KEPT SECRET 
IN OPTO-ISOLATORS. 


70% of all industry standard lamps, photodetectors, IR diodes, our tech support. We'll duplicate 

; et al. But we haven't said much about exotic test conditions, do parameter 
opto-isolator types can be our opto-isolators. Until now. guarantees, and even help you 
found at Litronix. We have almost two dozen single trouble shoot. 

channel couplers. Two dual couplers. So say the secret word (Litronix), 
Not too many folks know And our exclusive quad coupler. and cash in on the best opto-couplers 

Litronix has one of the broadest lines — Listed below are the more popular around. Litronix, 19000 Homestead 
of opto-isolators around. We've types. Road, Cupertino, CA 95014. 


told you about our LED displays and Our pricing is aggressive. Andthere’s (408) 257-7910. 


Current 
Part Transfer 
Number Ratio % 
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Part Transfer No. of 
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litronix 


AN AFFILIATE OF SIEMENS 


THE LIGHTS FANTASTIC 


For more information, Circle No 71 163 
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source for a .5mA input 
high gain optoisolator. 


WE'VE JUST BECOME “THE 
OTHER COMPANY” WITH A 
SPECIAL LINE OF HIGH 
QUALITY HIGH GAIN 
OPTOISOLATORS. OUR NEW 
MCC670 SERIES IS DIRECTLY 
COMPARABLE TO THE 

HP 5082-4370/4371 SERIES — 
... BUT WITH IMPROVED 
PERFORMANCE. 


You get high sensitivity to low 
input currents. These new high 
gain split-darlington optoisolators 
give you greater design control in 
such applications as CMOS logic 
interface, telephone ring detector, 
low input TTL interface and 
power supply isolation. Minimum 
current transfer ratios of 300% 

to 400% are achieved at TTL- 
compatible saturation voltages 

of 0.4-volt and at gate-level 

drive currents (1.6 mA). All are 
UL recognized at 3000 volts 
isolation. | 


ae 


Typical response time is 1.5 
microseconds. With the MCC670° 
Series you'll have fast switching 
capability at logic loads. 
Maximum turn-on/turn-off speeds 
range from 7 to 35 microseconds. 


McC670/MCCe71__ 


ADVANCED OPTOELECTRONIC PRODUCTS 


’ 


Temperature compensated for 
greater reliability. You get assured 
operation over a wide temperature 
range. The specifications listed 
above for the MCC670 Series 
hold from O°C to 70°C. 

Storage temperature is —55°C to 
12S Ge. 


And the best gain is how much 
they cost. Compare the price 
structure of these optoisolators 
with those of our competitors and 
you ll find us more than competi- . 
tive. And you still get Monsanto 
quality and high performance 
along with technical assistance. 


Write or call today. 

For more technical data or price 
information, contact Monsanto 

Commercial Products Co., Elec- 
tronics Division, 3400 Hillview 
Avenue, Palo Alto, CA 94303. 


FIRST IN LED MATERIAL AND TECHNOLOGY 


Monsanto 


For more information, Circle No 72 


CONTROL/DISPLAY UNIT. Simplify- 


ing the control and operation of uP- 
and minicomputer-based industrial 
test equipment, Model HT/2 suits 
applications where a hand-held con- 
troller is required. Operating on one 
5V supply, the unit internally develops 
the 12V required for its RS-232C 
interface. Incorporating a simple 
keyboard, the device can transmit and 
display all 128 ASCII characters and 
control codes and operates in either 
full- or half-duplex modes. The display 
provides 2 lines of 10 0.27-in.-high 
characters per line. Priced at $1995 (1 
to 9), the controller carries a full 1-yr 
warranty. Termiflex Corp, 17 Airport 
Rd, Nashua, NH 03060. Phone (603) 
889-3883. Circle No 266 


BIG-PRINT PRINTER. The Model 511L 
serial impact dot-matrix printer pro- 
vides enlarged, 3.1 mm high charac- 
ters and 6-mm line spacing. Suitable 
for printing tickets, the device operates 
at 2.2 lines per sec. The printer 
features a life expectancy of 5x10° 
lines MCBF (mean cycles before 
failure) and a printhead life of 
100x 10° characters. Each of the print- 
head’s 7 wires has 480 dot positions 
available, with 240 dots printable per 
wire per line. $230. C Itoh Electronics 
Inc, 280 Park Ave, New York, NY 
19017. Phone (212) 682-0420. 

Circle No 267 


GANGED PROGRAMMER. Based on 
its manufacturer's PPX universal 
programmer, the PPG ganged pro- 
grammer accepts ganged modules for 
all popular EPROMsS. !t handles up to 
15 EPROMs at a time; several test 
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sequences ensure proper functioning 
of data and address paths, power 
supply and RAM. Individual LEDs 
identify faulty EPROMs, while an 
alphanumeric display characterizes 
the fault. Stag Systems, 2465 E 
Bayshore, No 329, Palo Alto, CA 
94303. Phone (415) 324-1564. 

Circle No 268 


CASSETTE RECORDER. The Minicor- 


der is an incremental digital recording 
system that accepts synchronous data 
without buffering circuits. Available 
options convert the unit to a 
low-power, read/write data-logging 
recorder. Both CMOS and TTL 
compatible, the recorder reads files at 
100 cps and stores up to 72k 
Characters. Automatic load forward, 
backspace, fast rewind and search 
provide ease of operation. $500. 
Memodyne Corp, 220 Reservoir St, 
Needham Heights, MA 02194. Phone 
(617) 444-7000. Circle No 269 


DOCUMENTATION SOFTWARE. A 
group of Databus programs that 
executes on Datapoint Datashare 
systems, DOCGEN prompts its user to 
enter system and program informa- 
tion, thereby creating a document that 
includes overview narrative, equip- 
ment configuration, system and flow 
diagrams, user’s guides and file/ 
record definitions. As a front end to 
Datapoint’s DSCRIBE and MSCRIBE 
utilities, it automatically embeds 
special output-control characters. 
$1750 for a license agreement. EFAX 
Corp, Computer Systems Div, 880 N 
York Rd, Suite 202, Elmhurst, IL 
60126. Phone (312) 279-9292. 

Circle No 270 


VIDEO I/O SOFTWARE. Written for 
compatibility with its manufacturer’s 
Flashwriter | video board, the Extend- 
ed Video Input/Output System 
(EVIOS) maximizes the capabilities of 
any video terminal and provides 
complete contro! over every facet of 
software programming. It furnishes 
Ccursor-motion commands, selective 
erase, reverse video, horizontal and 
vertical lines, graphics and reduced 
intensity. $75 covers manual, exam- 
ples, source listing and 2708 PROM. 
Vector Graphic Inc, 31364 Via Colinas, 
Westlake Village, CA 91361. Phone 
(213) 991-2302. Circle No 271 


Every crystal filter created 
by Damon is 100% perform- 
ance tested. Ten to twelve 
critical parameters (includ- 
ing temperature perform- 
ance) are measured and 
recorded. You get a certified 
performance report, param- 
eter by parameter, with 
each Damon filter. No 

extra Charge. 


You may think of Damon 
filters as high-reliability, 
high-quality, high-price for 
aerospace and defense 
applications. You're only 
half right. New production 
capabilities, competitive 
prices and prompt delivery 
are making us a lot of indus- 
trial friends too— without 
compromising our high 
standards. 


Damon: The economical 
crystal filter with aerospace 
blood lines. 


Damon also manufactures a 
full line of VCXOs andTCXOs. 


To receive a complete new 
Crystal Filter Catalog, write 
or call Ed Doherty, 

(617) 449-0800 


DAMON 


ELECTRONICS DIVISION 


80 WILSON WAY. WESTWOOD. MASS. 02090 TEL: (617) 449-0800 
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DATA ENTRY. Complete formats 
consisting of line drawings and 16 
different types of display attributes can 
be flashed on the Video 200’s screen 
to aid operators in entering data 
correctly. A cassette tape provides 
50k-character buffering and transmits 
at 1200 baud. Editing features accom- 
modate character/line insertion or 
deletion and the erasure of a full page 
or field. $161 per month, on a 3-yr 


MEMODYNE 
DIGITAL CASSETTE RECORDER 
MODEL 201 


Ounce for Ounce 
Its the BEST 
lightweight recorder 
of all time! 


Weighs in at 25 oz., dripping wet! 

Packs 2,200,000 bits in one punch (cassette) 

Measures 4.5”W x 3.8”H x 3.7’D and all muscle! 

Powerful... Only 12V @ 60 mA when performing in the ring! 
Only 10uA between rounds waiting for the bell! 

Quick... @ 100 bits per second . . . fighting rate! 

Price of admission . . . about 15¢ per 64 word file. 


For further information 
Call or write: 


Memodune 


CORPORATION 


(617) 444-7000, TELEX 922537 
220 RESERVOIR ST. 
NEEDHAM HEIGHTS, MA 02194 U.S.A. 


For more information, Circle No 74 
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lease (including maintenance). West- 
ern Union Data Services, 70 McKee 
Dr, Mahwah, NJ 07430. Phone (800) 
631-7050. Circle No272 


CARTRIDGE RECORDER. Plug- 
compatible with the standard IEEE- 
488 bus, the GPIB 3000 provides data 
recording and playback capabilities 
for a wide range of instrumentation 
and data-acquisition systems. The unit 
employs a direct-drive servo motor for 
high quality tape handling. Recorded 
cartridges meet ANSI standard 
X3B5/75-44 for serial 1600-bpi record- 
ing. $3620. Tandberg Data Inc, 4060 
Morena Blvd, San Diego, CA 92117. 
Phone (714) 270-3990. Circle No 273 


uC TRAINING AID. Utilizing an 8085, 
Model 5036A teaches hardware, soft- 
ware and troubleshooting to techni- 
cians not familiar with wC systems. A 
20-lesson handbook takes the user 
through a series of experiments that 
provide hands-on experience. A 
color-coded circuit board highlights 
components and buses; LEDs display 
the action on the data and address 
buses. $800. Hewlett-Packard Co, 
1507 Page Mill Rd, Palo Alto, CA 
94304. Phone (415) 856-1501. 

Circle No 274 


IMAGE PRINTER. Combining CRT 
and fiber-optic technology with a 
plain-paper, dry-toner copying pro- 
cess, the Image Printer can output 18 
pages/min. It supports three type 
Styles on-line; additional optional 
fonts are software loadable. The 
image system provides 90,000- 
dots/in.” resolution to accommodate 
the most difficult print jobs. $35,000; a 
monthly maintenance contract costs 
$400/mo. Wang Laboratories Inc, 
One Industrial Ave, Lowell, MA 01851. 
Phone (617) 851-4111. Circle No275 
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Money. 
The root of all product advantages. 
= Our 4-terminal adjustable voltage regulators cost considerably less than 
any 3-terminal adjustable regulators on the market. Including our own. 
And, they're available right now, in volume, from the world's largest manu- 
facturer of voltage regulators. 
Fairchild's 4-terminal adjustable regulator comes in both a .5 and 1 Amp ver- 
sion. Positive and negative. In both commercial and military temperature ranges. 
It comes in a low-cost, 4-lead TO-202-type package and in a TO-3 military 
package. 
If you're not ready to switch over to 4-terminals yet, we also make 3-ferminal 
adjustable regulators that are identical to the LM317 series. In fact, Fairchild is the 
only manufacturer offering both 3- and 4-terminal adjustable voltage regulators. 


Be. 
a 


CHEAPER BY THE 100 
100-Piece 
Part Terminals | Voltage | Type Price Pkg. 
uA7B8MGUI1C 4 5A Pos. $ 80 Lat, 
uATIMGUIC 4 5A Neg. $ .80 Lie. 
wA78GU1C 4 10A Pos. 1.10 UIC 
wA7IGUIC 4 1OA Neg. rAG UIC 
| pA317UC 3 LSA Pos. 1.50 TO-220 
wA337UC* 2 LBA 4 Neg. 1.50 TO-220 


* Available mid-1979 


We'll give you the 
best reason 
. inthe world to 

\ switch from 
3 terminals 
| 104. 


your Fairchild distributor, sales office 
or representative today. Or call the 
direct line at the bottom of this ad. 
Linear Products Division, Fairchild 
Camera and Instrument Corporation, 
464 Ellis Street, Mountain View, CA 
94042. Telephone: (415) 962-4903. 
TWX: 910-379-6435. 


FAIRCHILD 
eae ee 


Call us on it. 
(415)962-4903 


For more information, Circle No 75 
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Nobody offers 
ivery on a full line of 


modular power supplies’ 


Nobody but Intronics. 


When you're ina hurry to get a new product 
to market, you shouldn't have to wait for 
power supplies. 
That's where Intronics can help. We 
offer a broad line of power supply and con- 
verter modules to meet a wide range of 
design needs. And we stock them at strategic 
locations nationwide to insure quick response 
to your order. 
We offer off-the-shelf delivery on 12 to 48 
~ volt input, 25 watt output switching, DC to DC 
converters—teaturing TTL shutdown and high effi- 
ciency. Other input voltages are available on request. 
Also, high-performance AC/DC power supplies 
= =with inputs from 115 to 240 VAC, 50/60/440Hz with 
single, dual and triple outputs from 5 to 15VDC delivering up to 
25 watts of power. 

And all at very competitive prices. 

Instead of waiting until the last minute, why not get us 
involved when you're specing your next power supply. We'll help 
you get the optimum design for your needs. 

And you'll see how fast we can move. 

You ll find technical details on our full line of supplies in our 
new power supply catalog. To get your copy, circle the reader ser- 
vice number, or contact: Applications Dept., Intronics, Incorpo- 
rated, 57 Chapel Street, Newton, MA 02159. Tel. (617) 332-7350. 


intronies 
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COPPER LEAD 
FRAME ANID 
TERMINALS i 


COPPER 
FLANGE 


Introducing 25A ChipStrate® power triacs with the 
industry’s lowest operating junction temperatures. 


Unitrode’s new 25A ChipStrate triacs have the 
quick-connect, solderless terminals you need | 

Lei to cut production time and cost. 
SUBSTRATE But even more important, they 
have atypical thermal resistance 
of 1°C/W junction-to-case, re- 
sulting in higher thermal 
conductivity and reduced 
thermal stress. This means 
they’ll run cooler and more 
reliably in your application. 

The reason for this perform- 
ance is Unitrode’s exclusive 
ChipStrate manufacturing pro- 
cess. We start with a metalized 
beryllia substrate and then add a 
single-piece copper lead frame/terminal 
and glass-passivated triac chip. 

To increase performance even more, we put 
our ChipStrate triac onto a TO-3 copper flange and 
encapsulate the assembly in a molded package. 

All this means that our new triacs come with high 
reliability and long life built in. In fact, there are 
over 4 million ChipStrate devices in use. 

Yet our prices are competitive: CSB40, rated at 
AOOV, is only $2.15 in quantities of 10, 000. 

Unitrode’s 25A power triacs are also available with 
200V (CSB20) and 600V |CSB6O) ratings. 

For a free sample and data sheet, circle the reader 
service number, or contact: Unitrode Corporation, 
580 Pleasant Street, Watertown, MA 02172. 

Tel. 617-926-0404. 
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New Products 


COMPONENTS 
& PACKAGING 


DISPLAY. Designed for simple multi- 
plex operation, the NSB5931 is a 
6-digit, 0.5-in.-high GaAsP LED dis- 
play described as a form, fit and 
function replacement for the Litronix 
DL6500. Each digit is matched for 
brightness and contains a right-hand 
decimal point. This pc-board-built unit 
includes a plastic reflector and lens 
cap. Average current in each segment 
specs at 20 mA. The unit employs an 
edge-board connector for termina- 
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tions. $10.80 (25). National Semicon- 
ductor Corp, 2900 Semiconductor Dr, 
Santa Clara, CA 95051. Phone (408) 
737-5000. 


Circle No 166 


R NETWORKS. Series HC and HF 
devices are constructed of high- 
Stability cermet resistors deposited on 
an alumina substrate in economical 
SIPs. The units are offered in 4-, 6-, 8-, 
10- and 14-pin packages and four 
seated heights—0.2, 0.25, 0.3 and 0.35 
in. Resistance values range from 330 
to 470 kN with +2% tolerances. Both 
isolated and one-pin-common resistor 
configurations are standard. $0.19 
(25,000) for an 8-pin, 7-resistor unit. 
Delivery, 6 to 8 wks ARO. Centralab 
Electronics, 5757 N Green Bay Ave, 
Milwaukee, WI 53201. Phone (414) 
228-2851. Circle No 167 


SOCKET BOARDS. Designed to han- 
die Schottky TTL, Series SCH13 
wire-wrappable panels feature a 
center V.~ plane and two outside 
ground planes. They are supplied in 
groups of 30 16-position patterns per 


Bowmar’s 
low cost TP-3120 
Thermal Printer... 


Now it does 
even more 


Bowmar’s quiet and economical TP-3120 
thermal printer does a lot more than many of the 
others for a lot less. Small in size, yet big in 
capabilities, it's equipped with a host of superior 
quality Bowmar features. 
@ Alpha/Numeric Print- 
out @ 29.4 Characters 
Per Second @ Low 
Power Consumption 
@ MOS Compatibility. 


section and are available in from one 
to eight sections with either 26 I/O 
pins or 24 I/O socket terminals per 
section. All boards allow for decoup- 
ling capacitors at each DIP location. 
Universal versions (50 socket termi- 
nals per column) are also offered. 
$1.50 to $2 per IC position. Garry Mfg 
Co, 1010 Jersey Ave, New Brunswick, 
NJ 08902. Phone (201) 545-2424. 
Circle No 168 


SWITCHES. Series SE2AV spst slide- 
action DIP switches feature nonslip 
actuation and easy flux-solvent flush- 
out. Available in two through 10 
positions, they have dust-tight con- 
struction for the slide mechanism and 
a glass-filled polyester case. Gold- 
plated nickel over heat-treated 
beryllium-copper contacts and termi- 
nals have a carrying capacity of 100 
mA at 50V ac, an operating range of 0 
to 70°C and a 10,000 mechanical- 
operation lifetime. $0.74 to $3.15, 
depending on qty. Cutler-Hammer 
Inc, 4201 N 27th St, Milwaukee, WI 
53216. Phone (414) 442-7800. 

Circle No 169 


Bowmar Instrument Corporation 
8000 Bluffton Road 
Fort Wayne, IN 46809 


Phone: (21 9) 747-3121 
For more information, Circle No 79 
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Reliability in precision technology. 


Looking for precision DC ~ 
motors that savetime, 
trouble andmoney? its 


You'll save time with AIRPAX because — 
you'll find alarge varietyof DC ~~ 
motors available withjust one phone 
call to us. We have brushless kits, 
iron rotor and ironless rotor motors 
in many sizes and performance 
ratings. (In fact, many of our ironless 
rotor models can save you even more 
time because 100 piece quantities | 
are available from stock.) ee 
You'll save trouble because 3 
AIRPAX motors are precision com- 
ponents designed for long life. The 
brushless type can be electronically 
driven for accurate speed and they 
feature low RFI. The iron rotor type 
is a “workhorse” motor that offers 
good efficiency andrugged construc- 
tion. The ironless rotor features low 
cogging, high efficiency, excellent 
acceleration and an optional tach 
that gives you precise speed control. 
Finally, you’ll save money. All are 
remarkably low priced in production 
quantities. For example, one of our 
reversible 12VDC ironless rotor 
models, with a 29 millimeter diameter 
is just $16.00 in 500 piece lots! 
For complete information on 
AIRPAX brushless, iron rotor or 
ironless rotor DC motors for com- 
puter peripherals and instrumen- 
tation, contact AIRPAX/North 
American Philips Controls Corp., 
Cheshire Industrial Park, Cheshire, 
CT 06410. Telephone: (203) 272-0301. 


AIRPAX 


NORTH AMERICAN PHILIPS CONTROLS CORR 


Cheshire Division 
For immediate need Circle No 80 
For reference only Circle No 81 
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Check em out: 


I’s new 8K Schottky PROMs. 
Greater density. Greater performance. 


You double memory capacity. To 
8K. And get a speedy 45 ns typi- 
cal access time. With the new 
SN748478 and SN74S479 Schottky 
PROMs from Texas Instruments. 
Available now for evaluation. 

Yet, power dissipation is about 
half that of two 4Ks—630 my 
typical. 

These new high nartorricenel 
PROMs are organized by 8— 
especially attractive for micropro- 
cessor-based designs. They offer 
socket compatibility with TI’s 24- 
pin $474 and S475 4K PROMs. And 
you can upgrade from other 4K 
configurations with minimum de- 
sign changes. Price: only $19.35 
each in-100-piece quantities in 
plastic DIPs. Outputs can be either 
three-state (S478) or open- cee 
tor (S479). 


Another family addition 


Now available is TI’s new 8K 
SN74S2708 PROM. Switch to it for 


© 1979 Texas Instruments Incorporated 


production after you’ve program- 
med with TI’s TMS2708 EPROM. 
You'll gain faster throughput, 
greater stability, higher tempera- 
ture capability. 


TI's growing choice 
The new S478, S479 and S2708 
further expand TI’s leadership in 


memories. You now have a choice 
of 15 PROMs. In 18, 20 and 24-pin 


TI’S BROAD PROM FAMILY 


Device Description 
SN74S478 1024 W x 8B, 3-S, 24 Pins 
SN74S479 1024 W x 8B, G: C, 24 Pins 
SN74S2708 1024 W x BB, 
SN54/SN74S476 

SN54/SN74S477 

SN54/SN74S474 

SN54/SN74S475 

SN54/SN74S472 

SN54/SN74S473 

SN54/SN74S470 

SN54/SN74S471 

SN54/SN74S287 

SN54/SN74S387 

SN54/SN74S188 

SN54/SN74S288 - 


TEXAS INSTRUMENTS 


INCORPORATED 
For more information, Circle No 82 


plastic or ceramic packages. With 
by 4 and by 8 organizations. : 

Proven programming techniques 
are available for all. Low current 
pnp inputs permit interfacing with 
MOS and bipolar microprocessors. 
Titanium-tungsten fuse links 
speed programming, improve 
reliability. 

More PROMs coming: On the way 
are low-power versions of the S478 
and S479—the LS478 and LS479. 
Also, two 8K PROMs organized 2K 
by 4 in 18-pin packages—S454 
and S455. 

To check out the new S478 and 
S479, call your nearest TI distribu- 
tor or TI field sales office. For a 
copy of TI’s Schottky Memory 
brochure, write Texas Instruments 
Incorporated, P.O. Box 225012, M/S 
308, Dallas, Texas 75265. 


TEXAS INSTRUMENTS 
MOVING AHEAD l} 
IN MEMORIES 


O 
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New Products 


SS RELAYS. Low-cost hybrid designs, 
Series 7800 relays are available in 5, 
10, 25 and 40A capacities. A variety of 
ac load-switching capabilities is of- 
fered: 24-140V with 200V blocking, 
24-280V with 400V blocking and 
24-280V with 600V blocking. Other 
specs include a 10% operation lifetime, 
1-cycle surge-current ratings to 400A, 
2500V rms isolation and —30 to +80°C 
operating range. These random- 
switching logic-compatible units fea- 
ture a diode clamped input and 
internal RC snubber. $5.82 (1000) for 
5A/24-140V unit. Hamlin Inc, Lake & 
Grove Sts, Lake Mills, WI 53551. 
Phone (414) 648-2361. Circle No 170 


AMPLIFIER. A hybrid design housed 
in a 16-pin DIP, the VV100B has a gain 
of 10 and a —3-dB bandwidth of 230 
MHz. With rise time <2 nsec and a 
2500V/sec skew rate, it drives a 252 
load to —5V with +0.1% linearity. Input 
noise is <4.2 nV/Hz, and total input 
drift and offset over a 0 to 70°C range 
is <1 mV. $65. LeCroy Microcircuits 
Div, 700 S Main St, Spring Valley, NY 
10977. Phone (914) 425-2000. 

Circle No 171 


RF MODULES. These three series of 
devices provide attenuation (MAR), 
resistor (MFR) and termination (MTR) 
functions up to 1 GHz with 50W 
input-power capability. The attenuator 
line offers six values ranging from 1 to 
20 dB. The resistors and terminations 
are both available in five values from 
12.5 to 10002. Packaged for stripline 
applications, all units include ni- 
chrome resistor elements, thin-film 
construction, beryllium-oxide sub- 
strates and copper heat sinks. $12 
(100). Motorola Semiconductor Prod- 
ucts Inc, Box 20912, Phoenix, AZ 
85036. Phone (602) 244-6900. 
Circle No 172 
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Kulka gives you... 


More Surface Hardware More Bottom Terminations 
More Mounting Bases More Top Terminations © 
More Size Variations a sis kaa. Materials 


Kulka gives you more. That’s why we're the industry leader. 

No one else comes close to the number of terminal board, 

block and strip variations we manufacture. Commerciai or 
military grade, double or single row, thermoplastic or thermo- 

set. You name it and we have it. We offer the molding materials, — 

base mounting options and surface/bottom hardware configu- 
rations to satisfy the most demanding specifications. Allthese 
variations are shown in our catalog. _ lees oe aie ee 


on NORTH 
AMERICAN 
— PHILIPS 
COMPANY ~ 


INDUSTRIAL DISTRIBUTORS LOCATED THROUGHOUT THE | us. AND 


Kulka Electric Corp., 520 S. Fulton Ave., Mt. Vernon, NY cals . TEL: Bt : 


For more information, Circle No 83 
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Sixth National 
Solid-State 

Power Conversion 
Conference and 
Exhibit 


May 1-4, 1979 
Fontainebleau-Hilton 
Hotel 

Miami Beach, Florida 


Some facts about 
POWERCON... 


Over 85% of the attendees at a 
POWERCON conference are 
practicing engineers and 
engineering managers. 

POWERCON conferences, 
seminars and tutorial exhibits are 
designed by practicing power 
conversion technologists, like you. 
That means we know what you need 
most. 

A POWERCON must be 
experienced, for the value of even 
the most exemplary technical 
presentation cannot begin to 
compare to the catalytic effect of 
being among, and comparing notes 
and experiences with, the hundreds 
of your contemporaries who attend. 

The participation in 
POWERCON’s has more than 
doubled each year since 1976. And 
POWERCON 5 sold out. 


Participation 


POWERCON 3 POWERCON 4 POWERCON 5 POWERCON 6 


POWERCON. Once a technical 
luxury. Now a professional and 
practical necessity. 


The Conference. 


Sixth in a series of annual national 
technical conferences devoted 
exclusively to the practical design 
and application of solid-state power 
conversion equipment and 
components. Emphasizing the 
modern trend to switched-mode 
and other “non-dissipative” 
technologies, the POWERCON 6 
conference offers a comprehensive 
and intensive three-day examination 
of the latest and most important 
developments in the power 
conversion field. 


@ Three full days of technical 
presentations. 


@ Over 30 papers, presented by 
outstanding authorities. 


@ Nine sessions, chaired by 
distinguished experts. 


@ VMOS...Proportional drive... 
Sinewave synthesis... Micro- 
Processors as feedback 
elements...Controlled resonant 
conversion...Reliability. .. 
Computer-aided design... 

High voltage...EMI... 
Non-dissipative load-line 
shaping...Motor control...plus 
much, much more. 


The Tutorial Exhibit 


Informal tutorial and “hands-on” 
(fully instrumented and working) 
demonstration exhibits presented 
by technologists from over 50 major 
suppliers in and to the power 
conversion field. Each exhibit is 
specifically configured to enhance 
your technical expertise through 
improvement of your detailed 
knowledge of the supplier's 
technology and processes. 


@ Investigate working circuits and 
waveforms. 


@ See new devices in action. 

@ See working demonstrations of 
new power conversion topologies. 

@ See new instrumentation and test 
equipment for power conversion. : 

@ Magnetics. Capacitors. EMI/RFI. ‘ 
Heat transfer. IC's and hybrids. 


Complete power supplies and 
inverters. Motor controls. 


Hotel Headquarters for refurbished by Hilton from the 
POWERCON 6... ground up. Combining the ultimate 
| in pleasant surroundings with 
tennis, bowling, jacuzzis, an 
olympic-size swimming pool, 


: incredible room rates, and an 
—— Incomparable location on the 
Z Atlantic Ocean, Hilton has 
Ss 


Plus...a new Professional 
Advancement Seminar 
Program. 


Designed to provide in-depth 
coverage of those topics most 
essential to the power conversion 
specialist, POWERCON 6 
Professional Advancement 
Seminars offer designers, managers 
and users a comprehensive 
selection of invaluable learning 
opportunities under the direction of 


welcomed POWERCON 6 with open 
arms. 


Special half-price room rates for 
POWERCON 6 attendees extend 


some of the world's leading Located only 20 minutes from from 3 days prior to the conference 
authorities. Miami International Airport, on until 3 days after: 
eat Miami Beach, this world-famous Singles: $30-$35 
@ Power converter circuit modeling, g 
analysis, and measurement. g resort hotel has been only recently Doubles: $35-$41 
@ Shaping and controlling feedback Set= 


loop response. 

e@ Assessing and controlling power 
converter EMI. 

@ High frequency magnetics... 
materials and design. 


For further information concerning POWERCON 6, please call: 
(805) 985-6978 or (805) 486-5463. 


ee S22 2 ee ee ee ae ee eee 
POWERCON 6, PO Box 5226, Ventura, CA 93003 


@ Ultra-high-frequency power Gentlemen: Please rush complete POWERCON 6 program and registration 


converter design. information. 

@ An introduction to switched-mode 
design. Name 

@ Automated testing and functional Title 
specification of power supplies. 

@ ..and for those in the “business Company 
end” of the field, a special market 
awareness seminar. Div./Dept. 

Address 


In the interest of providing a quality 
learning experience, seminar 
registrations will be limited, and 
may not be available to last-minute 
registrants. 


City, State, Zip 
Some of my colleagues may be interested in attending POWERCON 6. 
Please send them invitations. 


For information, Circle No 158 Name Title 
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POWERCON is a registered service mark of POWER 
CONCEPTS, INC. (Ronald |. Birdsall, President), an 
independent consulting and educational firm 
dedicated to the advancement and dissemination of 
power conversion technology. 
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LEDs. Mountable on 0.25-in. centers, 
super-bright subminiature Series 30 
LEDs fit in 0.19-in. mounting holes 
and feature wire-wrapping terminals. 
Luminous intensity (at a 20-mA drive 
current) for the red, amber and green 
lamps is 50, 32 and 25 mcd, 
respectively. Units come with regular 
or low-profile Fresnel lenses as well as 
clear or diffused standard LED 
encapsulation. Fresnel lenses can be 
supplied with legends. You can order 
the lamps with built-in resistors for 
operation from 2.4 to 28V dc. $1.39 to 
$1.48 (1000). Data Display Products, 
303 N Oak St, Inglewood, CA 90301. 
Phone (213) 677-6166. Circle No175 


CONNECTORS. Series S420U units 
clip directly onto DIP-housed LCDs, 
eliminating the need for epoxy or 
frames when securing displays to pc 
boards. The connectors are supplied 
with up to 40 contacts (on 0.1-in. 
centers); these tin-plated brass-alloy 
contacts are integral with their 
corresponding pins and cast into the 
connector body. Connector bodies are 
made of rugged glass-reinforced 
thermoplastic polyester. $0.01 per 
contact (10,000). Teledyne Kinetics, 
410 S Cedros Ave, Solana Beach, CA 
92075. Phone (714) 755-1181. 

Circle No 173 


More than 
a couple of 
to buy our couplers. 


To begin with, there's delivery. We gear 
our production capacity to keep ahead 
of your demand. 

Then there's selection. Our line of 

* single and dual couplers 
is one of the broadest on 
\\. the market, with special 
s emphasis on high- 


reasons 


pertormance, general- 
purpose parts. 
/ And of course, 


Y there's performance. 


Fairchild can meet 


176 


most of your demanding 
requirements. For exam- 
ple, our ‘Glassolated'’™ 
coupler features 5 kV dc 
standard isolation 
voltage. For more reasons, call us. 
Or write Fairchild Camera and Instru- 
ment Corporation, P.O. 
Box 880A, Mountain FAIRCHILD 
View, CA 94042. 
Tel: (415) 962-3088. Call us on itt. 
TWX: 910-373-1227. (415) 962-3088 


For more information, Circle No 85 
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ATTENUATORS. Covering a range of 
dc to 2 GHz, Series 3300 miniature 
fixed attenuators are available in 28 
standard nominal values from 0.1 to 
100 dB. Designed primarily for OEMs, 
the units have VSWR of 1.15 max and 
typical accuracy (including frequency 
sensitivity) of +0.3 dB. The attenua- 
tors have stainless steel bodies and 
WPM connectors (male or female) 
which mate with SMA type per 
MIL-C-39012. $15 to $25. Delivery, 45 
days ARO. Weinschel Engineering, 
Gaithersburg, MD 20760. Phone (301) 
948-3434. Circle No 176 


INTERRUPTER MODULE. Featuring 
solid-state reliability and noncontact 
switching, the CNY 36 consists of a 
high-efficiency GaAs LED coupled 
with a high-gain silicon npn photo- 
transistor across a 3-mm airgap. Fora 
20-mA input, output current is 0.5 mA 
and turn-on and turn-off times are 4 
usec each. The CNY 36 is encapsulat- 
ed in a plastic package designed for 
easy mounting on a pc board and is 
available with a custom selection of 
electrical characteristics. $1.01 (5000). 
Optron Inc, 1201 Tappan Circle, 
Carollton, TX 75006. Phone (214) 
242-6571. Circle No1/77 


CONNECTOR. This QUIP (quad in-line 
package) system includes a leadless 
64-position ceramic chip carrier and 
both production and burn-in sockets. 
No insertion force is required to 
connect the carrier and socket, and 
mechanical polarization prevents im- 
proper carrier and/or socket insertion. 
The production socket has pins 
spaced on a standard 0.05-in. grid 
with 0.1-in. centers and provides top 
access for probe testing. The ZIF 
burn-in socket is rated for 200°C. 3M 
Co, Dept EP8-8, Box 33600, St Paul, 
MN 55133. Phone (612) 733-9214. 
Circle No178 
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Micro Power takes a slice of the 1K Static RAM nie. 


Uses new HD/CMOS memory recipe. 


Micro Power has sweetened an 
old pie with a new recipe called 
High Density/CMOS. We’ve 
carved out a small piece of 
the Static RAM market £ 
where ingredients like high /-& 
quality, field reliability, on- -=2 
time deliveries, perform- | 
ance stability and added 
product features are more 
important than some compa- 
nies’ left overs. 


Our pantry is full of new MP6508 
and MP6518 1K’s just waiting to be served up. 
They’re pin-compatible and look like they came 
out of the same pan as the Intersil IM6508. We'll 
wrap the MP6508 up any way you want, with 
plastic, CERDIP, and ceramic to meet your 
commercial, industrial, and military tastes. 


Look at the added performance we've 
whipped up for the MP6508 without having to 
pay any more. There are competitive prices for 
each part down at the store. You'l like the 300ns 
access speed for reading data in or out. This 
speed enables your memory system to work at 
the same rate as your 8080 microprocessors. 
These units approach a maximum voltage of 7 
volts, so you can forget about burnt crusts when 
using four, fully-charged 1.5 V batteries in port- 
able product applications. If you're tired of 
sticking your finger in every pie to determine 
its true standby supply current value, then you'll 
love our spicy little current—10yuA max and 
typical 1uA or less when the devices are idle or 
in the non-switching state. 


Drop by our kitchen sometime and take a 
look at Micro Power’s chief cook and bottle 
washers—they’ve been cooking up RAMs in 
custom LSlIs for years. They’ve always been 
ahead in digital and analog circuitry with 


precision bipolar, NMOS, PMOS and 
CMOS state-of-the-art recipes. Now 
they’re into HD/CMOS cuisines for 
. memories. These secret recipes use 
4 two-layer metal interconnects, silicon- 
/ nitride passivation and other proven 
techniques that are industry acknowl- 
edged enhancers of reliability and 
_low power. If reliability, quality, 
delivery, predictable leakage, and more 
performance—all at a competitive price 
level—puts a good taste in your mouth, then 
you probably fit into Micro Power’s slice of the 
RAM pie. Our Chef, Frank Berko, wants you to 
sample the MP6508. We think you will be pleased 


with our very impressive engineering specifica- 


tions for the new recipe memories. Send coupon 
or call Frank at (408) 247-5350, ext. 270. 


ENGINEERING SPECIFICATIONS 


Memory Access Standby current 
Device Config. Time 


| Max. | Typical 
MP6508, 18| 1K x1 300ns 10nA 1yA 
*MP6504 4K xl 300ns 10uA luA 
*MP6514 IK x 4 300ns 10uA 1A 


“Second quarter sample deliveries 


MICRO 
3100 Alfred Street 
Santa Clara, CA 95050 POWER 
(408) 247-5350 SYs TEMS 
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1 To: Micro Power Systems, 3100 Alfred St., Santa Clara, CA 95050 J 
O Send 1K HD/CMOS Static RAM technical data ; 
i 0 Send data on upcoming 4K HD/CMOS Static RAM i 
i | 
i i 
; Name ; 
: Title 
3 ; 
ee © i 
\ ompany : 
; Address — 
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i City State Zip z 
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* 100’s, cable not included. 


HERE’S A $99° LINK TO ISOLATED, 
ERROR-FREE TTL DATA TRANSMISSION 


This fiber optic data link offers the lowest cost 
alternative to achieve total electrical isolation and noise 
immunity. 3712T transmitter (TTL In/Light Out) and 
3712R receiver (Light In/TTL Out), coupled by fiber 
optic cable, form a simplex data link. You’re assured of 
reliable, error-free 20k bit data transmission through 
hostile, noisy environments. 


Maximum transmission length depends on the type of 
fiber optic cable you select. Lengths exceed 1.5km with 
10-° BER when low loss 200um silica fiber is used. Units 
use the popular AMP single fiber connector. 


DC coupled, 3712R is designed for low noise, low drift 
and maximum sensitivity. It requires only 5nW optical 
power and +15VDC (+20mA). 3712T requires +5VDC 
(+60mA max) and launches 3.5uW of optical power into 
a 40mil, 0.53 N.A. fiber. 


Metal packages (1.6” x 3.0” x 0.6”) increase noise 
immunity and are suitable for PC board or connector 
mounting. Link operating temperature is 0 to +70°C. 


Burr-Brown, Box 11400, Tucson, Arizona 85734. 
(602) 746-1111. 


BURR -BROWN 


Putting Technology 
To Work For You 


AMSTERDAM, BOSTON, CHICAGO, LONDON, LOS ANGELES, NEW YORK, PARIS, SAN FRANCISCO, STUTTGART, TOKYO, TUCSON, ZURICH 


For more information, Circle No 87 


SPECIAL 

FIBER OPTIC 

DATA LINK 
OFFER: 


A Complete Link 


Just $99.00 


3712T 3712R 
Transmitter Receiver 


20-feet fiber optic cable 
(with connectors) 


Two electrical connectors 


and 


A $166.70 value ... 
you save $67.70 


Get everything you need 
(except +5VDC and +15VDC 
supply) to test the exciting 
isolation/transmission benefits 
of fiber optics! 


To take advantage of 
this special offer specify 
Burr-Brown 
Part No. 


FODL-K1 


$99 price effective until 
April 30, 1979. 


Offer good in USA and Canada only 


BURR -BROWN 


P.O. Box 11400 
Tucson, AZ 85734 
(602)746-1111 


EDN FEBRUARY 20, 1979 


R NETWORKS. A family of precision 
thin-film ladder networks, Series D355 
units provide an R-2R configuration 
for A/D and D/A converters. The 
DIP-configured networks provide ei- 
ther 10- or 12-bit resolution over full 
temperature ranges (0 to 70 or —55 to 
+ 125°C). With 12-bit models, accura- 
cy. is +0:012%...(1/2- L568). and 
temperature tracking is better than 1 
ppm/°C. Electro Films Inc, 100 
Meadow St, Warwick, RI 02886. Phone 
(401) 738-9150. Circle No 179 


TERMINATION. The PCX-SM-1 500 
SMA termination can be ordered with 
various levels of VSWR performance: 
1.1 from de to 4 GHz, 1.12 from 4 to 8 
GHz and 1.15 from 8 to 18 GHz. The 
ruggedized unit has an average power 
rating of 1 KW, which doubles when a 
semiconductor-type heat sink is used. 
Male or female connectors are 
supplied. $10.75. KDI Pyrofilm Corp, 
60 S Jefferson Rd, Whippany, NJ 
07981. Phone (201) 887-8100. 
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COUPLER. A quadrature device, 
Model QSP-101 operates from 55 to 95 
MHz. Over the full range, typical 
insertion loss and isolation specs are 
0.3 dB and 35 dB, respectively. All 
ports have a 1.1 VSWR. The QSP-101 
is available in a standard 8-pin plug-in 
package (0.4x0.4x0.8 in.) which 
meets environmental specs of MIL 
STD 202E. $18. Engelmann Micro- 
wave Co, Skyline Dr, Montville, NJ 
07045. Phone (201) 334-5700. 
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New Products 


SS RELAY. Filling out the company’s 
Serendip line, the solid-state 642 is an 
optically coupled ac relay which 
features zero-voltage switching to 
minimize circuit noise. One of the 
smallest zero-switching devices on 
the market, it is rated to switch up to 
1.5A at 250V rms. Peak-transient 
protection ratings range to 600V. 
$7.55 (1000). Teledyne Relays, 12525 
Daphne St, Hawthorne, CA 90250. 
Phone (213) 777-0077. Circle No182 


NOISE MODULE. Covering the range 
of 500 to 1000 MHz, the NOD45 
operates from a 15V supply and uses 
<300 mA. It provides a minimum 
output of —82 dBm/VHz across 500 
and has a peak factor of >+12 dB. 
Over a 10 to 50°C range, TC is <0.01 
dB/°C and, after warmup, long-term 
drift is <0.05 dB/24 hrs. The unit has 
an SMA connector for noise output, 
solder lugs for bias voltages and is 
housed in a rugged aluminum case. 
Delivery, 8 wks ARO. Micronetics Inc, 
36 Oak St, Norwood, NJ 07648. Phone 
(201) 767-1320. Circle No 183 


CAPACITORS. While small enough to 
be used in high-density circuits, Type 


608/608T polyester-dielectric capaci-- 


tors are built to withstand an 
axial-lead pull force >2 kg. Capaci- 
tance values range from 0.001 to 0.1 
wF at 100V, and 0.012 to 2 uF at 50V. 
Tolerances of +1 to +20% are 
available; dissipation factor varies 
<1% from —50 to + 125°C. $0.63 (1000) 
for a 0.001-wF, +20%, 100V unit. TRW 
Capacitors, 301 West O St, Ogaliala, 
NB 69153. Phone (308) 284-3611. 
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SWITCHES. UL listed and CSA 
certified, these spst rocker and paddle 
switches are available with three 
separate ratings: 10A (Series 161), 
12A (Series 162) and 16A (Series 163). 
Snap-in panel mounting allows instal- 
lation without added hardware. A wide 
variety of color combinations, circuits 
(ON-OFF, momentary NO and NC), 
bezels, illuminated versions, hot 
stamping and custom colors are 
available. Slip-on type, 1/4-in. termi- 
nals can also be soldered. $0.35 (1000) 
for 10A, ON-OFF unit. Chicago Switch 
Inc, 1714 N Damen Ave, Chicago, IL 
60647. Phone (312) 489-5500. 

Circle No185 
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MOD POT,® the original modular potentiometer—available in over a billion combinations. A 
whole family of resistive elements: hot-molded composition, cermet, conductive plas- 
tic. Variety of switch options, vernier drives with solid or concentric shafts. 

Single, dual, triple or quadruple control sections. Solder lug or PC pins. 

Save panel space with %" square module. Fast delivery backed by 
our distributor assembly centers. Ask for Publication 5217. 


POWER RATING (LINEAR TAPER) 
TOLERANCE TAPERS SERIES | SERIES | SERIES 
70 72 73 
50 ohms to 10 megs Linear (U) 1.0 Watt 0.5 Watt 
250 ohms to 10 megs Modified Log CW (A); at 70°C at 70°C 
or CCW (B) 
100 ohms to 5 megs Linear (U) 
0 
Cermet [550 ohms to 1 meg +10% | Modified Log CW (A) 
é or CCW (B) - 
100 ohms to 1 meg Linear (U) 
500 ohms to 1 meg Modified Log CW (A) 
or CCW (B) 


RESISTANCE 
RANGE 


RESISTANCE 
ELEMENT 


0.75 Watt 
at 70°C 


Hot Molded 
Composition 


2.0 Watts 
at 70°C 


0.5 Watt 
at 70°C 


1.0 Watt 2.0 Watts 
at 70°C at 70°C 


0.25 Watt 
at 70°C 


0.5 Watt 
at 70°C 


Conductive 
Plastic 


ALLEN-BRADLEY 


Milwaukee, Wisconsin 53204 . 


3 For more information, Circle No 88 
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RELAYS. Baoxy- molded 46 provide 
immersion-cleaning safety and solid 
construction, low-profile FRL 640 reed 
relays come in 1 Form A, 1 Forim B, 2 
Form A and 2 Form B_ désigis. 
Input-control voltage ratings of 5, 6, 12 
and 24V dc are standard. Two levels of 
output-switching capability are of- 
fered: 50 VA max (100V ac, 0.5A max) 
and 10W (100V dc, 0.5A max) for 
heavy-duty applications. Optional 
magnetic shielding is available. $0.92 
to $2.06 (1000). Fujitsu America Inc, 
910 Sherwood Dr, Lake Bluff, IL 60044. 
Phone (312) 295-2610. Circle No 186 
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INDUCTORS. eee wath’ 2 auto- 
matic insertion machinery, Series IR-2 
and IR-4 industrial-grade inductors 
are protected by a specially-applied 
flame-retardant epoxy coating which 
provides excellent dimensional uni- 
formity and environmental protection. 
Inductance values range from 0.1 to 
1000 pH for —2 units and 0.15 to 240 
wH for the —4 devices. Both series are 
available in 1, 3,5 and 10% tolerances. 
$0.17 (1000) for a 10-uH, 10% IR-2 
inductor. Dale Electronics Inc, Box 
609, Dept 860, Columbus, NB 68601. 
Phone (605) 665-9301. Circle No 187 


CAPACITORS. Sestuned for pc- Sean 
mounting, this family of miniature, 
sealed ceramic trimmer capacitors 
offers a broad selection of capaci- 
tance values ranging from 1-4.5 pF 
(JMC9610) to 7-40 pF (JMC9614). All 
units provide high Q and low drift 
rates, and the JMC9615 employs NFO 
material for use in temperature- 
sensitive applications. The square- 
drive tuning mechanism insures cap- 
tive, nonslip tamper-proof adjust- 
ments which are free of any backlash 
problems. The sealed body prevents 
solder and flux intrusion and atmo- 
spheric contamination. $1.15 (1000). 
Johanson Mfg Corp, 400 Rockaway 
Valley Rd, Boonton, NJ 07005. Phone 
(201) 334-2676. Circle No 188 


Dial Prototype. 
(401)781-6500. 


That's right. That’s all you have to do to get a snap- 
acting thermostat and/or thei 110couple sample for 
temiperature readings. Just dial. And, imimediately 
you llreceive a factory pre-set and taniper proof proto- 
type, 100% temperature and mechanically tested for 
-65° F. to +500° F. exposure for high limit or cuiitrol 
functions. So, give us a buzz. Elmwood Seiusors, Inc., 
1655 Elmwood Avenue, Cranston, R.I. 02907, 

Tel: (401) 781-6500. 


We go to any limit for you. 


Elmwood Sensors Inc. 


Precision Contr 


For more information, Circle No 89 
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A more positive 
feeling is justa 
snap away. 


_ C&K snap-acting, 
- momentary, miniature 
_ pushbutton switches 
with vertical support 
brackets respond to 
pressure with a positive 
feel and an audible sound. They 
install on P.C. boards quickly and easily 
and feature anti-stress support brackets 
_ that help to eliminate strain on terminals. 
Now everyone will get a good feeling 
from your designs. 
Available with U.L. listing in 1 and 2-pole 
versions rated up to 1 amp including dry 
circuit applications. 


The Primary Source Worldwide & 

C & K Components, Inc. 

15 Riverdale Avenue, Newton, MA 02158 

Tel: (617) 964-6400, TELEX: 92-2546, TWX: phos 1163 


For more information, Circle No 90 
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New Products 


VOLTAGE MONITORS. Models 829R 
and 829T require no power supply 
because they operate on the line 
voltage being monitored. Both moni- 
tor the line for high and low limits 
which are set by pots molded into the 
case. When the voltage is within the 
limits, a high-voltage relay (-R) rated 
for 1A at 26V dc or 0.5A at 115V ac, or 
a photocoupled open-collector tran- 
sistor (-T) is activated. Connections 
are made via terminal strips. Both 
modules are epoxy potted for rugged- 
ness. $68 (R), $89 (T). Calex Mfg Co 
Inc, 3355 Vincent Rd, Pleasant Hill, CA 
94523. Phone (415) 932-3911. 
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Deltron offers switchers that are both high quality 
and versatile. These 100 to 300 watt singles, duals, 
triples and quads feature efficiencies to 82%, with 
brown out protection and 20 msec. loss of line hold- 


REFERENCE JUNCTION. Providing 
information on 10 thermocouple 
wire-termination pairs, the SL101 
bonds a highly linear, stable, silicon 
thermometer to a carefully. designed 
thermal shunt. It directly receives 
shielded-wire sizes up to 14 AWG and 
provides internal isothermal transition 
to copper conductors. Output sensi- 
tivity is 1 mV/°C, accurate to within 
0.01° C/C and stable to 0.001° C/C/yr. 
Termination options include a choice 
of solder-eye or ribbon-cable edge 
connectors. $195 (3). San Diego 
Instrument Laboratory, 7969 Engi- 
neer Rd, San Diego, CA 92111. Phone 
(714) 292-0646. Circle No 190 


In Ferrites 


When nobody's got 
just what you need 


PERMAG’S 
Got It! 


In stock. Off-the-shelf. 24-hour 
delivery. Grinding to your prints. 
Engineering assistance. Fabricating 
facilities. In addition, PERMAG has 
exotic, exclusive hard-to-get items. 
Complete facilities for measuring, 
testing, and producing special 


SWITCHES. Intended for low- to 
medium-current applications, the SL 
Series includes six types of enclosed 
wave-solderable slide switches in both 
detented and momentary spring- 
return designs. Buttons, housing and 
Stators are 94-VO UL-rated, molded 
thermoplastic. Terminals (stationary 
contacts) are silver-plated phosphor 
bronze. The sliding contacts are also 
silver-plated (gold optional) phosphor 
bronze and feature a bifurcated 
design which makes contact on both 
sides of the terminals. $0.50. Delivery, 
6 to 8 wks ARO. Standard Grigsby Co, 
920 Rathbone Ave, Aurora, IL 60507. 
Phone (312) 844-4300. Circle No 191 


materials. 8 modern plants stocked, 
Staffed, and equipped to meet your 
every requirement. 


Write for new catalog. 


up. This is Deltron’s unique answer to meet your 
design challenges of today at 
competitive prices. 


@ Built-in differential and com- 
mon mode RFI suppression. 

@ Input surge and OV protection. 

m@ UL 478 recognized. 

& Split primary. 

& Open and closed frame units. FOR ALL MAGNETIC MATERIALS 


IN THE MAGNETIC FIELD 
PERMAG IS NO. 1. 


Write for more information on Del- 
tron’s high performance switchers. 


DENT or ine 


Wissahickon Avenue s North Wales, PA 19454 
Tel: 215/699-9261 Twx: 510/661-8061 


ALL ACROSS THE COUNTRY 


AC31 Consult your Yellow Pages for address and telephone number of Permag near you 


For more information, Circle No 91 For more information, Circle No 92 
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The fussier you are 
about small things 


the more you'll 
like these miniatures. —— 


Dearhorn 
Metallized 
Polycarbonate 
Capacitors. 


No one offers you a broader choice of metallized poly- 
carbonate capacitors than Dearborn. These 
DELTAFILM® wrap-and-fill tubulars are not only avail- 
able in more than 260 standard ratings but are made 
in three distinct types: LP66, LP68, LP88. As a result, 
you can be highly selective. 


For example, you can choose a Type LP66 to get 
capacitance tolerances of + 1, 2, 5, and 10% at excep- 
tionally low cost. Or, you can obtain superior electrical 
characteristics by ordering a Type LP68 with insulation 
resistance as high as 200,000 megohm-microfarads 
and dissipation factor of 0.25%. Or, you can take 
advantage of the smaller-sized Type LP88 where space 
is at a premium. 


This just begins to unfold the options. To see how 
fussy you can be in selecting metallized polycarbonate 
capacitors, write for Engineering Bulletins 152B, 154B, 
and 156 to Technical Literature Service, Sprague 
Electric Company, 491 Marshall St., North Adams, SPRAGUE ELECTRIC COMPANY 

LONGWOOD, FLORIDA 32750 


Mass. 01 eat. SALES OFFICES: 491 MARSHALL ST., NORTH ADAMS, MASS. 01247 


electronics 
division 


THE MARK OF RELIABILITY blew 
ae FOREMOST IN FILM CAPACITORS . subsidiary 
For more information, Circle No 93 183 
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New Products 


RESISTORS. VHM-1 resistors are 
<0Q.25-in. in diameter and stand 0.2-in. 
high. Resistance values range from 
500 to 20 kQ), with tolerances to 
+0.02%. Other specs include a 
working voltage of 45V, 2.5-ppm/°C 
TCR, 3-ppm/°C tracking, 0.08-WH 
inductance and <-—32-dB noise. The 
units have load-life stability of 0.05% 
typical AR at full rated power (100 mW) 
at 125°C for 2000 hrs and shelf-life 
stability of 0.001% AR for 3 yrs. Vishay 
Resistive Systems Group, 63 Lincoln 
Hwy, Malvern, PA 19355. Phone (215) 
644-1300. Circle No 192 


FILTERS. Series MNF and MWF 
MiL-qualified bandpass filters are now 
available with center frequencies of 
93, 124 and 165 kHz. MNF units are 
down <3 dB at +7.5% of center 
frequency, with a 15-dB minimum at 
+ 25% of that frequency. Attenuation is 
>40 dB at frequencies above 1.75 and 
below 0.58 times center frequency. 
MWE filters are down <3 dB at +15% 
of center frequency, with a 15-dB 


POWER RELAYS 


WITH 


MANUAL OVERRIDE 


@ Up to 40 Poles 


Typical Relay Applications: 
e@ Latching 

@ Programming 

@ Seal-in 


Available with unique Manual Override 


ELECTRO SWITCH 


Weymouth, Massachusetts 02188 
Telephone: 617/335/5200 e TWX: 710/388/0377 


For more information, Circle No 94 
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@ Contacts Interrupt 
up to 600V-20A 


minimum at +50%. Attenuation for 
these filters is >40 dB at frequencies 
above 2.5 and below 0.4 times center 
frequency. $96.42. TRW/UTC Trans- 
formers, 150 Varick St, New York, NY 
10013. Phone (212) 255-3500. 
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CONNECTOR. Providing solderless 
pc-board mounting of leadless ICs, 
the Chip Carrier connector consists of 
a plastic socket containing four 


elastomeric connector elements anda 
rotary lid. The connectors are availa- 
ble in three sizes (24/28, 52 and 68) 
and a choice of two elastomeric 
elements—Zebra and Conmet. The 
Zebra element is the preferred choice 
for low-power CMOS chips, while the 
Conmet elements best serve low- 
resistance and high-current applica- 
tions. $0.33 and $0.45 (50,000) for the 
24/28 size with Zebra and Conmet 
elements, respectively. Technical 
Wire Products Inc, 129 Dermody St, 
Cranford, NJ 07016. Phone (201) 
272-5500. Circle No 194 


SP-308 Ticket 
Printer $678 in single quantities 


SOLENOIDS. A C-frame style, the S85 
Series solenoids offer pull-on- 
operate forces to 96 oz and holding 
forces to 120 oz. Requiring only 
2.9-in.* of mounting space, the units 
have a maximum stroke capability of 
0.75-in. Various models allow 6, 12, 24, 
120 or 240V ac, or 6, 12, 24, 110 and 
220V dc operation. Power dissipation 
equals 7W or 12 VA for continuous 
duty and 17.5W or 31.2 VA at a 25% 
duty cycle. Quick-connect terminals 
come standard. $1.75 (1000). Delivery, 
6 to 8 wks ARO. Potter & Brumfield 
Div, 200 Richland Creek Dr, Princeton, 
IN 47671. Phone (812) 386-1000. 
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STANDARD FEATURES: 

@ 115-230 VAC, 50/60 Hz 

e RS-232 and 20ma loop inputs. 

@ Microprocessor Controller. 

e Double width printing, tabs 
double and triple space format. 

@ 40 Column Impact Printing. 

®@ Available in 2 sizes e 5x7 Dot Matrix, Standard 64 

Character ASCII Subset. 

Internal 40 Character Buffer. 

50 CPS Printing Rate. 

Multi-copy Capability. 

Substantial OEM discounts 


C5) synt 


CORPORATION 


169 Millham Street, Marlboro, MA 01752 
Telephone (617) 481-7827 TWX 710 390 7659 


—— 
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Signetics is Ist, 2nd, 3rd 
and 4th in DAC systems. 


For true yP-compatibility 
in DACs, nobody gives you 
more options than we do. 


plete applications support data. 
And whenever you need them, our 
field applications engineers are 
ready to help you implement the 
DAC-to-uP interface. 

Now you can shift to the premium 
DAC best for your design: 5018, 5019, 
5118, or 5119. Without any 
premium in cost. 

Meet the whole 5018 family 

at your local Signetics sales 
office or franchised distributor. 
Or send us the coupon to 
learn how our selectable 
DACs can save you plenty. 


Siqnetics 


a subsidiary of U.S. Philips Corporation 


We brought you the industry’s 
first monolithic DAC system. Our 
microprocessor-compatible 5018. 

Now we've increased your options 
with three more 8-bit converters in this 
single-chip series. 

Like the 5018, each has key peripheral 
functions on-chip. That includes 
input latches, voltage reference 
and output amplifier. 

Super performance from 
four superior DACs. At prices 
you'd pay for no-option DACs. 

You choose the output: 
voltage or current. You select 
the speed. And you pick the 
accuracy you need, too. 

We’ve also made these 
complex parts easy to use 
in a couple of ways: 

First, we’ve got com- 


Signetics Corporation 

PO. Box 9052 

811 East Arques Avenue 
Sunnyvale, California 94086 
Telephone 408/739-7700 
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- Coming through... 


g Interface computer power with test and measurement hard- 
WI e er ways ware — without lots of time-consuming patchwork wiring. 
Belden’s new “General Purpose Interface Bus” cable 
= assemblies will become essential tools for you in R/D, quality 
to : nte rface control and on-the-job trouble-shooting. 
Interconnect up to 15 programmable instruments at once. 
In star or daisy chain networks. Cables work with counters, 


&& ») signal generators, calculators, digital multimeters—in fact, 
N EW G poe re C ABLES they can be used with any instrument equipped with standard 


IEEE 488 interfaces. That means hundreds of compatible 
products today and the hundreds more coming on-stream 
soon. 

These new 24 conductor cables are built to last, too. Semi- 
rigid PVC insulation and PVC jacket offer good flex life. U.L. 
recognized self-extinguishing plastic connectors are designed 
to withstand constant make/ break cycling. Contact pins fea- 
turing gold over nickel-plated beryllium copper deliver far 
better conductivity than designs using plain copper. Belden 
U.L. approved “GPIB” cable assemblies (with metric cad- 
mium plated screws) are available right now in five standard 
lengths up to 16 m (52.5'). U.L. approved and CSA certified 
bulk put-ups are also available. Let Belden come through 
for you. Contact your local Belden distributor or Belden 
Corporation, Electronic Division, P. O. Box 1327, Richmond, 
Indiana 47374; 317-966-6661. 


BELDEN © 


Coming through... 


with new ideas for moving electrical energy 


For more information, Circle No 97 
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New Products 


ICs & SEMI- 
CONDUCTORS 


NEGATIVE REGULATORS. These two 
series of low-cost, fixed-output, 3- 
terminal negative voltage regulators 
feature high ripple and line rejection 
and tight load regulation. Series 
LM320L has output voltages of —5, 
—6, —8, —9, —12, —15, —18 and —24V 
and load-current capability of more 
than 100 mA. The 250-mA LM320ML 
series has the same voltages except 
for a -—10V unit that replaces 
LM320L’s —9V device. 

LM320L units have line rejection of 
0.07% Vou/Vin, quiescent current of 6 
mA, 50-dB ripple rejection at —5V (46 
dB at —24V) and load regulation of 
0.01% V..,/MA. For the LM320ML, line 
rejection is better than 0.05% V,u:/Vin 
with load regulation of 0.01% V,,,,,/mA. 

Both series offer preset output- 
voltage errors of less than +5% over 
the rated load, line and temperature 
ranges. Capable of operation with 0.1 
uF compensation capacitors, the 
devices include safe-operating-area 
circuitry, a temperature-independent 
short-circuit current limit and thermal 
shutdown circuits. Available in a 
TO-92 package, the LM320L costs 
$0.65 (100). The LM320ML costs $0.85 
in a TO-202 package. National 
Semiconductor Corp, 2900 Semicon- 
ductor Dr, Santa Clara, CA 95051. 
Phone (408) 737-5856. Circle No 196 


POWER GHz TRANSISTORS. 
MRF2001, 03, 05 and 10 npn silicon 
power transistors serve Class B or C 
amplifier or oscillator applications. 
They have performance characteris- 
tics guaranteed at 2 GHz, 28V dc with 
output powers from 1 to 10W. All units 
are tested for load mismatch at all 
phase angles with 10:1 VSWR. In 
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addition, the devices have gold 
metallization and emitter ballasting for 
long life and resistance to metal 
migration. Minimum gains range from 
9 dB for the 1W MRF2001 to 6 GB for 
the 10W MRF2010. All units come in 
flange or pill packages. From $15.75 
(100). Motorola Semiconductor Prod- 
ucts, Box 20912, Phoenix, AZ 85036. 
Phone (602) 244-6394. 
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os AND HOLDING 


SV at 3A with 
Built-in OVP 


Power One's B Case models started at 
$24.95. Over 100,000 models and five 
years later, they're stil/ only $24.95! 


@ 115/230 VAC Input 
@ OVP Built-in 

@ .05% Regulation 

@ 2-Year Warranty 

@ 2-Hour Burn-in 
@ UL Recognized 
@ CSA Certified 


Get all the details on our 84 
standard open frames 
in our new 1978 catalog. 


IN-STOCK NATIONWIDE...FOR IMMEDIATE DELIVERY 


ARIZ.: Scotsdale, PLS Assoc. (602) 994-5461 CAL.: Pasadena, A-F Sis Engr. (213) 681-5631; San Jose, Richards 
Assoc. (408) 246-5860 COL.: Denver, PLS Assoc. (303) 773-1218 CT: Litchfield, Digital Sis. Assoc. (203) 
967-9776 FLA.: Orlando, Gra-Mar (305) 894-3351 ILL.: Chicago, Coombs Assoc. (312) 298-4830 IND.: 
Indianapolis, Coombs Assoc. (317) 897-5424 MD.: Lanham, Brimberg Sls. Assoc. (301) 946-2670; Baltimore, 
Brimberg Sls. Assoc. (301) 792-8661 MASS.: Waltham, Digital Sls. Assoc. (617) 899-4300 MINN.: Minneapolis, 
Engr. Prod. Assoc. (612) 925-1883 N.J.: Whippany, Livera-Polk Assoc. (201) 377-3220 N.M.: Albuquerque, PLS 
Assoc. (505) 255-2330 N.Y.: Roslyn Hts., Livera-Polk Assoc. (516) 484-1276; Syracuse, C.W. Beach (315) 
446-9587 ORE.: Portland, Jas. J. Backer (503) 297-3776; Salem, Jas. J. Backer (503) 362-0717 TEX.: Dallas, 
Advance Technical Sis. (214) 361-8584; Solid State Electr. (214) 352-2601; Houston, Advance Technical Sls. (713) 
469-6668; Solid State Electr. (713) 785-5436 WASH.: Seattle, Jas. J. Backer (206) 285-1300; Radar Elec. Co. (206) 
282-2511 WIS.: Milwaukee, Coombs Assoc. (414) 671-1945 EUROPE: Hanex, L.A., CA (213) 556-3807 CANADA: 
Duncan Instr. Weston, Ontario (416) 742-4448 


“Think. 


|. “iNe 
eo WO POWER SUPPLIES 
Power One Drive « Camarillo: CA 93010 « . Phone: 805/484- 2806 © TWX: 910-336-1297 
SEE OUR COMPLETE PRODUCT LISTING IN EEM & GOLDBOOK 


For more information, Circle No 98 
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See 
the 


EDN CARAVAN % 
Western Show Tour 4 


Coming your way with factory repre- 
sentatives on board to display the 
latest products and capabilities from 
these leading suppliers: 


Siliconix Inc. 
Siemens Corp., Components Group 
Beiden Corp., Electronic Div. 
Master Specialties Co. 
Cutler-Hammer Specialty Products 
Sorensen Co. 3 

Augat, Inc. 

Mepco/Electra, Inc. 

Borden Mystik Tape Div. 

Appleton Electric, Electronic Div. : 
Dialight Div., Amperex Electronic Corp. 
Guardian Electric Co. 

Unimax Switch Corp. 

Methode Electronics, Inc. 

CTS Corporation 

Carlingswitch Inc. 

Raytheon Semiconductor Division 

Texas Instruments Inc., Connector Systems 


Date Time 


Place 


1979 EDN CARAVAN ELECTRONIC SHOW TOUR 
February 12 to March 20 (first half) 


DATE 


2/12 
AM 


2/12 
PM 


2/13 
AM 


2/13 
AM 


2/13 
PM 


2/14 
AM 


* 2/14 
PM 


* 2/15 
AM 


2/15 
PM 


2/15 
PM 


2/16 
AM 


* 2/16 
PM 


2/19 
AM 


wes i 
PM 


2/20 
AM 


2/20 
PM 


2/21 
AM 
2/21 


AM 


2/21 
PM 


r 2/22 
AM 


* 2/22 
AM 


* 2/23 
AM 


2/23 
PM 


2/23 
PM 


* 3/5 
AM 


TIME 


Monday 
9-11 


Monday 
3-4 


Tuesday 
8:30-10 


Tuesday 
10:30-12 


Tuesday 
1:30-4 


Wednesday 
9-12 


Wednesday 
1:30-4 


Thursday 
9-11:30 


Thursday 
1-3 


Thursday 
3:30-4:30 


Friday 
9-11:30 


Friday 
1:30-3:30 


Monday 
9-12 


Monday 
1:30-4 


Tuesday 
9-11 


Tuesday 
1:30-4 


Scena ey 
8:30-10 


Wednesday 
10:30-12 


Wednesday 
2-3:30 


Thursday 
9-10:30 


Thursday 
11-1 PM 


Friday 
8:30-10:30 


Friday 
1-2:30 


Friday 
3-4:30 


Monday 
9-11:30 


SITE 


HEWLETT-PACKARD CO. 
1400 Fountain Grove Pkwy, Santa Rosa, CA 
Main parking lot 


DIABLO SYSTEMS 
26460 Corporate Av, Hayward, CA 
Bldg G prkg entrance 


HEWLETT-PACKARD CO. 
1501 Page Mill Rd, Palo Alto, CA 
Bldg 5U visitor prkg area 


VARIAN ASSOCIATES 
611 Hansen Way, Palo Alto, CA 
Near main security Bldg 2 


AMPEX CORPORATION 
401 Broadway, Redwood City, CA 
Bldg 3 


FORD AERO & COMMUNICATIONS CORP. 
3939 Fabian Way, Palo Alto, CA 
Across from Bldg 3 lobby 


WATKINS-JOHNSON CO. 
3333 Hillview, Palo Alto, CA 
Inside gate, south side Bidg 4 


HEWLETT-PACKARD CO. 
5301 Stevens Creek Blvd. Santa Clara, CA. 
Lawrence Xway side of Bldg 52 


MEMOREX ‘CORPORATION 
San Tomas & Central Xway, Santa Clara, CA 
Bldg 10 near employee entrance 


MEMOREX CORPORATION 
Memorex Dr, Santa Clara, CA 
T bldg, 1330 Memorex Dr 


AMDAHL CORPORATION 
1250 E. Arques Av, Sunnyvale, CA 
Bldg M3 


ATARI INCORPORATED 
1272 Borregas Av, Sunnyvale, CA 
Rear of prkg lot 


LOCKHEED MISSILES & SPACE CO. 
1111 Lockheed Way, Sunnyvale, CA 
Bldg 151 entrance 


GTE SYLVANIA 
123 N. Whisman Rd, Mountain View, CA 
Bldg 4 (100 Ferguson Dr) 


INTEL CORPORATION 
3065 Bowers Av, Santa Clara, CA 
Near front entrance 


HEWLETT-PACKARD CO. 
11000 Wolfe Rd, Cupertino, CA 
Shipping/rec’ving at Bldg 43 


ISS SPERRY UNIVAC 
10435 N. Tantau St, Cupertino, CA 
West side, Bldg 3 


FOUR PHASE SYSTEMS, INC. 
10700 N. DeAnza Blvd, Cupertino, CA 
NW corner of prkg lot 


FAIRCHILD INSTRUMENTATION SYSTEMS 
1725 Technology Dr, San Jose, CA 
Adj SW corner of bldg 


IBM CORPORATION 
5600 Cottle Rd, San Jose, CA 
Adj Bidg 28 


IBM CORPORATION 
5600 Cottle Rd, San Jose, CA 
Adj cafeteria 


BURROUGHS CORPORATION 
6300 Hollister Av, Goleta, CA 
West side of front prkg lot 


BURROUGHS CORPORATION 
5411 N. Lindero Canyon Rd 
Westlake Village, CA 

Main prkg lot, adj to bldg 


BUNKER RAMO CORPORATION 
31717 LaTienda Dr, Westlake Village, CA 
East side near employees’ entrance 


HUGHES AIRCRAFT CO. 
8433 Fallbrook, Canoga Park, CA 
North lobby entrance, Bldg 268 
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DATE 


3/5 
PM 


* 3/6 
AM 


* 3/6 
PM 


3/7 
AM 


3/7 
PM 


* 37 
PM 


3/8 
AM 


* 3/8 
PM 


3/9 
AM 


3/9 
PM 


* ate 
AM 


* 3/12 
PM 
3/13 
AM 


* 3/13 
AM 


* 3/13 
PM 


3/14 
AM 


3/14 
PM 


* 3/14 
PM 


* 3/15 
AM 


3/15 
PM 


3/16 
AM 


3/16 
AM 


* 3/16 
PM 


3/19 
AM 


TIME 


Monday 
1:30-4 


Tuesday 
9-11:30 


Tuesday 
1:30-4 


Wednesday 
9-11 


Wednesday 
1:30-3 


Wednesday 
3:30-4:30 


Thursday 
9-11 


Thursday 
12:30-4:30 


Friday 
9-11 


Friday 
1:30-4 


Monday 
9-12 


Monday 
2-4:30 


Tuesday 
8:30-10 


Tuesday 
10:30-12 


Tuesday 
2-4 


Wednesday 
9-12 


Wednesday 
1:30-2:30 


Wednesday 
3:15-4:30 


Thursday 
9-11:30 


Thursday 
1:30-4 


Friday 
8:30-10 


Friday 
10:45-12 


Friday 
2-4 


Monday 
9-11 


SITE 


LITTON GUIDANCE & CONTROL SYSTEMS 
5500 Canoga Av, Woodland Hills, CA 
Bldg 31 prkg lot 


DATAPRODUCTS CORPORATION 
6219 DeSoto Av, Woodland Hills, CA 
Bldg 1 visitors prkg 


LITTON DATA SYSTEMS 
8000 Woodley St, Van Nuys, CA 
Between Bldgs 40 & 45 


ITT GILFILLAN 
7821 Orion Av, Van Nuys, CA 
Gate A 


BURROUGHS CORPORATION 
460 Sierra Madre Villa, Pasadena, CA 
Prkg lot, north side of bldg 


BELL & HOWELL CO. 
360 Sierra Madre Villa, Pasadena, CA 
Bldg C 


GOULD, INC. 
4323 Arden Drive 
El Monte, CA 
Pkg to be advised 


HUGHES AIRCRAFT CO. 
Centinela & Teale, Culver City, CA 
N of trailers 3009, 3010 


XEROX CORPORATION 
701 So. Aviation Blvd, El Segundo, CA 
Curbside, north lobby Bldgs A & E 


TRW DEFENSE AND SPACE SYSTEMS 
1 Space Park, Redondo Beach, CA 
Visitor prkg lot, Bldg R4 


HUGHES AIRCRAFT CO. 
1901 W. Malvern Av, Fullerton, CA 
Prkg to be advised 


BECKMAN INSTRUMENTS 
2500 Harbor Blvd. Fullerton, CA 
Inside Gate 1, NE side 


INTERSTATE ELECTRONICS CORPORATION 
707 E. Vermont, Anaheim, 
Curbside next to Bldg 708 


INTERSTATE ELECTRONICS CORPORATION 
1001 Ball Rd, Anaheim, CA 
Behind engineering bldg 


NORTHROP CORPORATION 
500 E. Orangethorpe Av, Anaheim, CA 
Bidg V/3 main gate 


ROCKWELL INT’L, AUTONETICS GROUP 
3370 Miraloma Av, Anaheim, CA 
Prkg lot near Tower C 


CALIFORNIA COMPUTER PRODUCTS 
2411 La Palma, Anaheim. CA 
Prkg lot N side engrg bldg 


CALIFORNIA COMPUTER PRODUCTS 
1270 N. Kraemer Blvd, Anaheim, CA 
Between Bldgs C1 & C2 


FORD AERO & COMMUNICATIONS CORP. 
Ford Rd, Newport Beach, 
Adj environmental test bldg 


ROCKWELL INT’L, COLLINS DIVISION 
4311 Jamboree Rd, Newport Beach, CA 
Prkg to be advised 


GENERAL AUTOMATION 
1055 S. East St, Anaheim, CA 
Guard house, main receiving gate 


COMPUTER AUTOMATION 
18651 Von Karman, Irvine, CA 
Adjacent to bldg 


BURROUGHS CORPORATION 
25725 Jeronimo Rd, Mission Viejo, CA 
Side entrance, S side 


CONTROL DATA CORPORATION 
4455 Eastgate Mall, La Jolla, CA 
Rear of bldg adj empl entrance 


*Site closed to outside visitors. Exhibit personnel only 
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a 


COLE 


A Switch in Time 


Superior delivery time. Now, 
COLE can deliver its one-inch en- 
closed rotary switch—the 3600 
you've been reading about and 
buying—FAST! If you’re hearing 
16 to 22 week delivery, forget it. 
COLE will deliver 100 piece (and 


larger) orders in 3 to 4 weeks, 
ARO. 

Quality? The same 6 amp minia- 
ture that meets MIL-S-3786. Use it 
in your high-rel aircraft/aerospace 
applications. Call COLE for a fast 
turn-around quote. 


Actual Size 


oa King of Quality Rotary Switches 


be Bie 


t-N-S-T7R-U MEN. F C0 - RP * 


2650 S. Croddy Way, Santa Ana, CA 92704/(714) 556-3100 


For more information, Circle No 101 


BENCHTOP 


TEST 


All Benchtop Units Feature: 


CHAMBERS 


Tenney Jr. (Temp. only) 
orkspace: 

16”W x 12”H x 11”D 

Temp. Range: 

-112°F to 350°F 

(-80°C to 177°C) 

TH Jr. (Temp. & Humidity) 

Workspace: 

abel Babe aae Ra oe D 


Range: +10°F to +200°F 


(SOG twos 93°C) 


Huvedity Range: 20% to 98% RH 


© Mechanical Refrigeration © Solid State 


SCR Instrumentation ¢ Hermetically 
Sealed, Stainless Steel Interiors ¢ Uniform 
Workspace Environment ¢ Custom-designed 


HE 
Benchmaster® 
(Temp. & Optional Humidity) 
Workspace: 
a4 mp. Range H x 19-12 D 


Humidity paige 20% to 98% RH 


CHMME 


ENGINEERING, INC. 


1090 Springfield Rd., Union, New Jersey 07083 © (201)686-7870 © (212)962-0332 


Options © Outstanding Performance and Reliability .73%01rq. 


New Products 


8k 8085 RAM. Featuring address/data 
multiplexing directly compatible with 
the 8085A uP series, the 8185 
1024x8-bit static RAM comes in an 
18-pin DIP. The chip also includes two 
latched chip enables and an unlatched 
chip select in addition to separate 
read and write controls. Both chip 
enables control power-down by re- 
ducing maximum power consumption 
from 500 mW to 125 mW. Operating 
from a single +5V supply, a faster 
8185-2 version matches the 5.0-MHz 
8085A-2. Both 8185 and 8185-2 can be 
used to expand the memory of 8048, 
8049, 8035 and 8748 uC systems. Intel 
Corp, 3065 Bowers Ave, Santa Clara, 
CA 95051. Phone (408) 987-8080. 

Circle No 198 


SCHOTTKY PROMs. Organized as 
1024x8 bits, Models SN74S478 and 
SN74S479 feature 45-nsec typical 
access time (70 nsec max), 40-nsec 
maximum enable time and _ typical 
power consumption of 630 mW. These 
chips also have multiple select lines, 
Ti/Ta fuse links, low-current pnp 
inputs and a choice of 3-state (S478) 
or open-collector (S479) outputs. 
Supplied in the standard 24-pin DIP 
configuration, the PROMs are plug 
compatible with the 74S474 and 
74S475. From $19.35 (100). Texas 
Instruments Inc, Box 225012, MS 308, 
Dallas, TX 75265. Phone (713) 491- 
St TS. 

Circle No 199 


For TH Jr. Circle No 157 
Visit our booth #1736 at nepcon ’79 West 


For Benchmaster, Circle No 102 
For Tenney Jr. Circle No 156 


EDN FEBRUARY 20, 1979 


Ark-Les has a special capability for designing For a good many years, Ark-Les has supplied 
and building “‘smart’’ switches ... 


¢ switches that time 
© switches that sequence 


_® switches that proportion 


© switches that monitor 


reliable, rugged, low-cost switches for auto- 
mobiles, dishwashers, blenders, coffee machines, 
driers and scores of other quality products. 


Now we can offer the same reliability and 
savings in complex, high-current, custom-built 


© switches with built-in,solid-state circuitry that switches for industrial and commercial 
offer sophisticated control functions as well as — products. When it’s time for a switch... 


the old ON-OFF. 


ARK-LES 


call Ark-Les. 


For more information, Circle No 103 


ARK-LES CORPORATION 
Switch Division 
51 Water Street / Watertown, MA 02172 


Telephone: (617) 924-2330 Telex: 92-2441 


hand it to you... 
for being 


reative 


Within the power of your imagination is a form, shape and size 


of miniature tubing, waiting to be discovered. And if Uniform Tubes 
doesn’t already make it, just snap your fingers and we’ll meet the most 
exacting requirements you can dream up. It’s our way of supporting 
you in turning fantasy into fact. 


At your command, we’ll be happy to send you our design guide, 


selection guide or a meticulously detailed primer on tubing. 
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. a UTI company 


Telephone: 215/539-0700 
Telex: 84-6428 


O UNIFORM TUBES, INC. 
EQ COLLEGEVILLE, PA. 19426 - 


TWX: 510-660-6107 


For more information, Circle No 151 


for discriminating 
tastes a 


Like the macadamia, our model ~~ 


2283F monolithic crystal 
discriminator leaves no doubt 
about the standard of excellence 
you demand. At 10.7 MHz, you can 
get 1% total harmonic distortion 
and up to 800 mV of recovered 
audio when used with CA 3089E 
quadrature detector. Model 2378F 
offers similar satisfaction at 21.4 
MHz. Complete specs for 
communications gourmets 
available now. 


NUTS TO NOISE! 


Piezo Technology Inc. 
2525 Shader Road, Orlando, Fl 32804 


The standard in monolithic crystal filters (305) 298-2000 


For more information, Circle No 104 


New Products 


HIGH-CURRENT DIODES. Designed 
for applications requiring high 
power-handling and heat-dissipation 
Capabilities, Model SKF4F4 diodes 
employ large axial leads (1.2 mm dia). 
These fast-recovery units have 450- 
nsec reverse-recovery times and 
maximum RMS forward currents of 
7A. The line includes devices with 
peak reverse-voltage ratings from 200 
to 1000V. $0.35 (100). Delivery, 4 to 6 
wks ARO. Semikron International Inc, 
11 Executive Dr, Box 83, Hudson, NH 
03051. Phone (603) 883-8102. 

Circle No 201 


FAST .P. The AM2901B’s improved 
operating speed is the result of shorter 
speed-critical data paths, made pos- 
sible by a 25% reduction in manufac- 
turing die size. Pin-compatible with 
the same manufacturer's 2901 and 
2901A, the 2901B exhibits a minimum 
123-nsec register-to-register add time 
for 16 bits of data. This spec includes 
the pipeline-register and carry-look- 
ahead delays along with the 2901 
delays. The chip includes an 8- 
function ALU, a 2-port 16-word 
scratch-pad RAM, an accumulator and 
shift/control logic. From $9.95 (100). 
Advanced Micro Devices Inc, 901 
Thompson PI, Sunnyvale, CA 94086. 
Phone (408) 732-2400. Circle No 202 


MICROWAVE TRANSISTORS. De- 
signed for RF and IF usage to 5 GHz, 
Models HXTR-5103 and -5104 are npn 
bipolar devices. Both offer low 
thermal resistance, Ta,N-ballasted 
resistors and dielectric scratch pro- 
tection over their active areas. The 
HXTR-5102 has a guaranteed 1-dB 
compressed gain of 11 dB at 2 GHz 
with a typical P,Q; linear output power 
of 23 dBm at 2 GHz. Model HXTR-5104 
provides a typical output power of 29 
dBm at 2 GHz and can be used in 
amplifiers up to 4 GHz. HXTR-5103, 
$27.50; HXTR-5104, $43. Hewlett- 
Packard Co, 1507 Page Mill Rd, Palo 
Alto, CA 94304. Phone (415) 856-4220. 
Circle No 203 
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Whaddya’ mean it's a handheld multimeter 


that...sorts, tweaks circuits, probes logic? 


The Calcumeter’s LIMITS Display Mode—unique “analog” readout from a $389 digital multimeter. 


Revolutionary new 
Calcumeter® outperforms 


3¥2-digit DMM— Autorange or fixed 
range; continuous or hold measurements 
(up to 1,000,000 single measurements 


any 3¥2-digit DMM— from one 9-volt battery!); versatile display 
without ac power— control enables you to shift into engineer- 

ing notation, scientific notation or fixed 
under $400! decimal in 8 digits. 


Specifications— Volts: 10 nV sensitivity 
through 1000 Vdc, 750 Vac; Ohms: 0.10 
resolution through 20 MQ; Amps: 10 uA 
resolution up to 200 mA (to 20 amps 

with accessory shunt). Basic accuracy: 
0.25% deV. 


Special Measurement Modes: 


Scaling and/or offset— Mx-+b key pro- 
grams constants to automatically scale 
or offset any measurement, or both. 
Automatically converts readings into 
meaningful engineering units of pres- 
sure, temperature, etc. 


Digital averaging— Allows you to aver- 
age n" measurements and program 
away noise or increase resolution. 


Think of how you can save valuable 
time with the remarkable Calcumeter’s 
LIMITS Display Mode: Simply key in 
high and low limits to the Calcumeter’s 
memories, then push the LIMITS pro- 
gram key; thereafter every measurement 
you take in volts, amps or ohms auto- 
matically appears as a “floating” bar on 
the display, between the programmed 
limits. Below limits reads out “—Error,” 
overlimits simply “Error.” 

For sorting you have 8 proportional 
segments formed by the display periods. 
When tweaking signal levels, you simply 
watch the limits bar approach the desired 
value. To probe logic you set 0.5V and 6V 
limits; the floating bar gives you zeroes 
and ones. 

The Calcumeter’s automatic warning 
beeper tone helps also, as it sounds off 
on “Error.” 

Limits display and measurement is just 
one of 6 special measurement modes on 
the Calcumeter, plus a myriad of man- 
ipulative advantages made possible by , 
its Cmos microcomputer control. Basic 
features include: f 


$389 


(USA only) 


Decibel voltage— Display each 

measurement referenced to a 

programmed value in decibels. 

Display (dBV)=20 Log10 measurement 
stored value. 


And INVERSE conversion, PERCENT 
DEVIATION and HI-LO LIMITS. 

Plus 11 special math keys: 27, 1/x, x?, 
Vx, xy/(x+y), xy/(x-y), 10%, e%, y* 
LOG, LN. 

And the ability to store and move data 
to five different memory locations! 


Data Logger Option 
operates off Data Port 
Anyone desiring automatic data printout 
will want ESI’s optional Data Logging 
Printer that plugs into the Calcumeter’s 
data port. Sampling can be adjusted from 
3 seconds to 3 hour intervals. 

Other options include a temperature 
probe, RF probe, current shunt, battery 
eliminator, current probe and foot switch. 


SEND FOR COMPLETE 12-PAGE COLOR BROCHURE 
or call this toll free number 800-547-5637 

You can order direct for a 2-week free trial. 

For more information, Circle No 105 


Direct all inquiries to: 
MICROMETRICS, Inc. 
9450 SW Barnes Rd. 
Portland,OR 97225 


elas Manufactured and guaranteed by 


ELECTRO 
SCIENTIAC 


ELECTRO SCIENTIFIC 
INDUSTRIES, INC. 
Portland, Oregon 


TOOL 
$ 49° 


BATTERIES NOT INCLUDED 
BIT & SLEEVE NOT INCLUDED 


‘ee eR ERD 


ee? ‘ 4 
wee ORD 


Par ae a > 
oe HK RB 


div & ekidy 
ye ESRD E 


@ BATTERY OPERATED @ BACKFORCE OPTIONAL 
(2) Standard "C” Ni Cad Batteries (not included) Model BW928-BF $52.95 


@ INTERCHANGEABLE BITS & SLEEVES @ POSITIVE INDEXING 


inot nciucee! @ LEIGHT WEIGHT 
@ REVERSIBLE ROTATION : *LEXAN Housing 


For unwrapping, reverse batteries 


*LEXAN '“' GENERAL ELECTRIC 


OK MACHINE & TOOL CORPORATION 
3455 Conner St., Bronx, N.Y. 10475 © (212) 994-6600 * TELEX 125091 


For more information, Circle No 21 


COMPLEMENTARY HIGH-CURRENT, — 
HIGH-VOLTAGE 

POWER MOSFETS 

ARE NO LONGER A DREAM. 


Now you can have the first combination high 
high-voltage complementary power MOS FETs 
And you know what that means. 


Many advantages over bipolar counterparts. Including 
superior high-frequency response and unusually 
fast-switching capability. These unique capabilities 
make them a prime choice for Class D and conventional 
linear amplifier applications. (A pair of Hitachi 
complementary power MOS FETs can deliver over 
100 watts RMS into 8 ohms in audio applications. ) 


nt thermal stability and no secondary 
phenomenon. 


And low RDS ON is ideal for switching regulator 
applications, too. Six Hitachi part numbers cover both 
N-channel and P-channel devices ina V,.y and I,,, range 
from 120V to 160V at an I, of 7 amps. 


Want more information? Write us on your company 
letterhead for further information. Or call (800) 
323-6713. | | 


© HITACHI The sure thing. 


Hitachi America, Ltd., Electronic Devices, Sales and Service Division 
707 W. Algonquin Road « Arlington Heights, IL 60005 ¢ (312) 593-7660 « TLX 20-6825 


Representatives: CA, San Diego, Littlefield & Smith, (714) 455-0055 e 
CA, Sunnyvalle, Quadrep, (408) 733-7300 » IA, Cedar Rapids, PMA 
Corporation, (319) 362-9177 « IL, Rolling Meadows, Sumer, (312) 991- 
8500 « IN, Indianapolis, Electronic Sales & Engineering, (317) 849-4260 » 
KS, Overland Park, PMA Corporation, (913) 381-0004 * KS, Wichita, PMA 
Corporation, (316) 264-2662 e MA, Burlington, Mill-Bern, (617) 273-1313 
e MD, Cockeysville, Robert Electronic Sales, (301) 766-6374 « MO, 
Maryland Heights, PMA Corporation, (314) 569-1220 « NJ, aor | ABC 
Electronics, (201) 568-2354 « NY, Fayetteville, S.F. Foster, (315) 637- 
5427 ¢ NY, Webster, S.F. Foster, (716) 265-2072 « NY, Williston Park, 
ABC Electronics, (516) 747-6610 « OH, Cleveland, Bear Marketing, (216) 
659-3131 « PA, South Hampton, Campbell Assoc., (215) 322-6630 « TX, 
Dallas, Delta Components, (214) 358-4288 « TX, Houston, Delta Compo- 
nents, (713) 783-6848 « WI, Milwaukee, Sumer, (414) 259-9060 « 
| Canade: Ontario, RFQ, Ltd., (416) 627-1445 « Quebec, RFQ, Ltd., (514) 
94-5724. 


Distributors: CA, Chatsworth, Jaco, (213) 998-2200 « CA, Gardena, Bell, 
(213) 515-1800 » CA, Mountain View, Time, (415) 965-8000 « CA, 
Mountain View, Jaco, (415) 969-5101 « CA, San Diego, Jaco, (714) 
565-7515 e CA, Torrance, Time, (213) 320-0880 « FL, Fort Lauderdale, 
Time, (305) 974-4800 » IL, Chicago, Bell, (812) 982-9210 » MA, Natick, 
Future, (617) 879-0860 » MA, Woburn, Time, (617) 935-8080 » NY, (LI), 
Hauppauge, Jaco, (516) 273-5500 « NY (tp. Hauppauge, Time, (516) 
273-0100 « PA, Clifton Heights, Time, (215) 622-2500 « WA, Bellvue, Bell, 
ti 747-1515 « Canada: Downsview, Ontario, Future, (416) 663-5563 « 

owa, Ontario, Future, (613) 820-9471 ¢ Montreal, Qu , Future, 
(514) 735-5775. 
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Xylogics Technology 
Delivers an LSI-11 
Cartridge Disk Controller. 


Xylogics advanced state-of-the-art 
technology has done it again. 


Now you can get the Model 510 
Wizard, the only microprocessor 
based hard disk controller on a dual 
width board. This means fewer elec- 
tronic components and best of all, 
superior controller performance in a 
cost-effective package. 


The Model 510 Wizard provides 
the LSI-11 user with the on-line stor- 
age capacity flexibility of cartridge 
disk technology. Emulating the 
RKV11, the self-contained bootstrap 
permits direct start-up of RT-11 
without need for a REV11 card. Sub- 
systems using the Model 510 Wiz- 
ard are available with 5MB, 10MB 
and 20MB cartridge disk drives. 


Xylogics also offers complete 
LSI-11 based systems with software 
to meet most applications. 

At single quantity price of only 
$1995, including ROM bootstrap 
loader, the Model 510 Wizard looks 
good. Add in quantity discounts, per- 
formance, and reliability that comes 
from Xylogics technology and you'll 
see that Xylogics delivers outstand- 
ing results. 


Call or write today. 


®LSI-11 is a registered trademark 
of Digital Equipment Corp. 


Xylogics, Inc., 42 Third Avenue, Burlington, Massachusetts 01803 (617) 272-8140 


We did it with... . innovation/imagination/integrity 


For information, Circle No 108 
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NEW 
Impedance-lVieasurement 
Breakthrough 


The first wP-based 

automatic LC tester 

with: : 

@ 254 keyboard-selectable 
test frequencies 

® D accuracy of +0.0001 

e C accuracy of +0.02% 


Measure L/Q, C/D, or C/ESR of 


e Low-loss film and mica capacitors 
requiring improved D resolution 
and accuracy 

e High accuracy capacitors 

® Capacitors and inductors requiring 
special test frequencies 

e Ceramic capacitors to MIL-C-39014C 
with 1-V rms test signal 

e Dielectric materials 


For 


@ Incoming inspection 

e Production test 

e Component design and evaluation 
e Process monitoring 

e Dielectric measurements 


& 


This is the GenRad Digibridge™ you've been waiting 
for. You'll find new features which will simplify 
Capacitor, inductor and dielectric/material testing. 


Now you can select any of 254 test frequencies from 
240 Hz to 20 kHz directly on the keyboard. This new 
feature eliminates the requirement for variable 
frequency manual bridges or multiple fixed-frequency 
bridges. Studies of component value or dielectric 
constant versus frequency are simplified and fast. 


Ace 
88 precision LC pigibridg 


Fast, accurate, automatic dielectric/material 
measurements with D resolution to 1 ppm eliminate 
those slow, manual bridge measurements. 
Autoranging removes the guesswork from selecting 
the best measurement range. 


For even more precision, automatic zeroing 
compensates for stray C and G at the text fixture, 
handler or test cell by a simple keyboard operation. 
Automatic self-check/diagnostics on power-up provide 
an in-depth check of the internal electronics and 
calibration. 


Youcan select the A% mode to monitor the change of a 
component's or material's value versus a nominal value 
or initial measurement under stress. Or, you may want 
to use the ten automatic limit-comparison bins for 
sorting into tolerance categories. You'll like the single 
bin number display for faster operator test rates. 


Some other important features that make the GR 1688 
attractive are keyboard lock, selectable voltage levels of 
0.25V and1.0V, four selectable test soeeds to 130 ms, 
a built-in Kelvin test fixture, and an IEEE-488 
bus/handler option. And there's a lot more. 


Make a breakthrough in your testing with the new GR 
1688 Digibridge. Call your GenRad sales office. 


For more information, Circle No 109 


GenRad 


300 BAKER AVENUE. CONCORD, MASSACHUSETTS 01742 * ATLANTA 404 394-5380 « BOSTON 617 646-0550 * CHICAGO 312 884-6900 * DALLAS 214 234-3357 * DAYTON 513 294-1500 * LOS ANGELES 
714 540-9830 * NEW YORK (NY) 212 964-2722, (NJ) 201 791-8990 « SAN FRANCISCO 408 985-0662 * WASHINGTON. DC 301 948-7071 »* TORONTO 416 252-3395 * BOURNE END (UK) (06285) 2 66 11 
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Why IERC’s new heat dissipation system 
for .300" DIPs is more efficient, simpler 
and costs less than alternate technologies. 


The Problem 


The thermal management of large 
numbers of dual-inline packages on a 
single PC board can be a problem, par- 
ticularly in telecommunications and logic 
networks. Single DIPs rarely dissipate as 
much as one watt, but a board full of them 
can add up to 15-25 watts. IERC’s system 
of conduction bars and side rails provides 
a simple, inexpensive, off-the-shelf solution 
to the problem. 


Some Expensive Solutions 


Ladder networks will do the job. Of 
course there is the cost of fabrication, and 
the difficulty of epoxying the networks to 
the boards, which makes assembly and re- 
pairs a nightmare. 

Another approach is to plate heat-dissi- 
pation strips directly onto the board. A 
good idea for some applications, except 
the cross-sectional dimensions of plated 
strips (and hence their dissipating effici- 
ency) is limited by the plating process. 
Also, plated strips require valuable board 
space and often introduce capacitance and 
induction problems into your design. 


Boards with heat-dissipating metal cores 
require extremely careful engineering, and 
are costly and very difficult to make. 


IERC’s Better Solution 


IERC’s heat dissipation system consists 
of conduction bars and side rails, both of 
which are made from high-thermal-con- 
ductivity copper (solder plated) and are 
available in practically any length. The 
conduction bars can be wave-soldered into 


The IERC system 
provides significant 
thermal transfer 
for better thermal 
balance as well as 
an efficient thermal 
interface from DIPs 
to card holder. 


DIP 
Seletetets nts 


sce 
{Md A~LLELELLLLLLL 


Standoffs raise conduction bar .020" above circuit board ircurr rok tiation 
to accommodate metal traces between the standoffs, 
and to permit removal of solder residue. 


CONDUCTION BAR SIDE RAIL 


IERC’s conduction bar system lowers substrate temperatures 30% — 40%. 


Thermal Gradient Along Conduction Bar FOUR BECKMAN 898-3-R3.3K RESNETS ON BAR 
and Circuit Board (G-10) 


70 
Devices Only — 
60 No Conduction Bar 
Devices w/Cond. 


Bar. Side Rails) 

TN Mittached to 

" Conduction Bar ~ H20 Sink 
Temperatures 

Side Rails Attached 


to H20 Sink 


60 


50 


> 
oO 


40 


30 


i) 
oO 


20 


atk 
oO 


10 


Average Power = 1.5 Watts/Device 


oO 


Temp Rise Above Ambient/Sink Temp (°C) 
Avg. Substrate Temp Rise Above Ambient (°C) 
wo 
oO 


Avg. Power Dissipation per Device (watts) 
Thermocouple Locations 0.0 2.0 40 6.0 


Total Power Dissipation per Conduction Bar (watts) 


A — Device only, natural convection, horizontal board; 
l | | B — Device only, natural convection, vertical board; 


| | | | | | 
C — Device with conduction bar, natural convection, horizontal board; 
BO Ds TR 28 30 ST Sa eee D — Device with conduction bar, natural convection, vertical board; 
(Inches) E — Device with conduction bar, side rails attached to infinite heat sink. 


place along with other board components. 


The IERC system permits quick fabrication | 
of a custom heat-dissipating network for xn 
-300” DIP systems, with no restrictions on 


the distance between DIPs or rows of DIPs. 
Call or write today for more information. 


International Electronic Research Corporation, 135 West Magnolia Boulevard, Burbank, California 91502 (213) 849-2481 
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BAR-GRAPH PARTS. A 12-level LED 
level detector and driver, the 1R2406 IC 
successively lights each diode in steps 
equal to Viettmax Vreraniny! 19. Input 
and both reference voltages can range 
up to the maximum supply voltage of 
18V. Suited for use with the driver, the 
GL 112R3 12-step LED array contains 
three groups of four series-connected 
LEDs. With a typical forward-voltage 
drop of 1.85V at 5 mA, each diode 
outputs 0.30 mcd at 695 nm. The 
IR2406 in a 22-pin DIP and GL 112R3 
are each $4.50 (100). Energy Electron- 
ic Products Corp, 6060 Manchester 
Ave, Los Angeles, CA 90045. Phone 
(213) 670-7880. Circle No 204 


OPTOCOUPLERS. Offering a 100% 
transfer ratio (at |,=10 mA, V;-,=10V), 
4N35/36/37-Series high-efficiency de- 
vices have UL recognition. They also 
feature high electrical isolation (min 
Viso=7500V peak) and low collector- 
emitter saturation voltage (Versaty= 
0.3V dc max at |,=10 mA, |.=0.5 mA). 
Packaged in 6-pin DIPs, the units suit 
applications requiring electrical isola- 
tion, high current-transfer ratio, small 
package and low cost. $1.20 (100). 
Motorola Semiconductor Products 
Inc, Box 20912, Phoenix, AZ 85036. 
Phone (602) 244-4556. 

Circle No 205 


4k STATIC RAM. A 4096 1-bit RAM 
using N-channel MOS technology, the 
Am9044 offers access times as fast as 
200 nsec. A companion device, the 
Am9244, has a chip-select and 
power-down feature that reduces 
power consumption by about 50% 
from the rated 368 mW. Both chips 
operate from a +5V supply with 
TTL-compatible interface levels and 
are available in 18-pin plastic or 
ceramic DIPs. From $9.65 (100). 
Advanced Micro Devices Inc, 901 
Thompson PI, Sunnyvale, CA 94085. 
Phone (408) 732-2400. 

: Circle No 206 
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Ney're proven. 

ontemplating or 

6 t the Brite-Lite _ 
— 


incandescent-type brightness yo RTH IGLEWOOD, CA 90301 


while giving jrabi : ie) 6166 + TWX 910-328-7205 
age lamp life is a 100,000 t ) ‘or more information, CircleNo 112 _ 
10 times greater than incandescen  .=——6.mh—__ssisaemststes 

Our packages really meet your neec 

_ Lites offer you snap-on numbers fro 

28 volts and 10 to 35 milliamps. A 


New Products 


INSTRUMENTATION 
& POWER SOURCES 


TEMPERATURE PROBE. Used with 
digital or analog voltmeters, Model 
TP-28 generates 10 mV/°C or °F, 
settles in 10 sec (liquid immersion) 
and provides readings accurate to 
within 1.7°C plus meter error. Aswitch 
lets you select ranges of -—50 to 
+150°C or —58 to +302°F, and the 


probe operates for over 120 hours ona 
9V transistor-radio battery (a low- 
battery indicator circuit is included). 
$75. B&K-Precision, 6460 W Cortland 
St, Chicago, IL 60635. Phone (312) 
889-9087. Circle No 207 


LOGIC-BOARD TESTER. To use the 
Digilyzer, the operator visually com- 
pares the panel LEDs’ pattern with flip 
cards showing the correct pattern for 


each IC. For each pin, the LEDs 
indicate not only its logic level, but if 
the pin is shorted to ground (or a 
voltage below ground), shorted to the 
positive supply (or avoltageabove), or 
invalid. You can easily interpret 


discrepancies from the correct pattern 
to be a broken trace; a trace shorted to 
a power supply, ground, or another 
signal trace; or a faulty, wrong-value, 
missing, or otherwise incorrect com- 
ponent. $495. Digital Test Inc, 16 
Lakeside Office Park, Wakefield, MA 
01880. Phone (617) 245-8200. 

Circle No 208 


STRIP-CHART RECORDERS. Offered 
in 1-pen or 2-pen versions and with 2-, 
3-, 6- or 12-point dot-printing capabili- 
ties, the Model ER-180 7-in. recorder 
provides full-span accuracy of +0.3% 
and full-span response of 1 sec max. 
Each 11-3/8x11-3/8-in. version fea- 
tures high normal-mode_= and 
common-mode rejection, along with 
full-span sensitivity of 3 mV. Options 
include multi-range recording, elec- 
tronic control of up to 24 individual 
alarm settings, retransmitting slide 
wires and an air-purge connection. 
Yokogawa Corp of America, 5 
Westchester Plaza, Elmsford, NY 
10523. Phone (914) 592-6767. 

Circle No 209 


ase hybrid circuit yields. 


The SOT-23 package by Ferranti provides 100% fully tested 
transistors, diodes and varactors, plus: 


m Reduced assembly costs ™ Increased production rate @ Lower inventory cost 
m@ More reliable connections @ Semiconductor rework without degrading 
electrical performance @ Individually branded parts ™ Mechanically rugged 


Extensive range of devices available: TRANSISTORS: General purpose, switching, low noise, 
medium power, Darlington, high frequency, high voltage. DIODES: Switching, zener, varactors, 


SOT-23 package shown magnified 4X 


 FERRANTI 
better by design 


FOR COMPLETE SPECIFICATIONS, CONTACT: 

FERRANTI ELECTRIC, INC.,,SEMICONDUCTOR PRODUCTS 
87 MODULAR AVENUE, COMMACK, NEW YORK 11725 
PHONE: (516) 543-0200/ TWX: 510-226-1490 
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Schottky, dual/single. 


SOT-23 Package Outline 
Dimensions in millimetres 


identification Code 


0.13 
L 1 Max. 
ay 0.5 0.05 


Instead of sitting around just wondering 


what it would be like to join the nation’s 
number one avionics team you owe it to 


yourself to find out. Over 80 longterm 
sub-contracts and millions more in diver- 
sified R&D business have created exciting 
and secure career opportunities for top 
engineers with Honeywell-in-Florida. A 
higher after-tax take-home pay, a lower 
cost of living, a more exciting career chal- 
lenge, and a new life in one of America’s 
*“most liveable” cities where vacation be- 
gins every day after work. It all adds up to 
Honeywell-in-Florida. 


You'll appreciate Honeywell-in-Florida’s 
commitment to engineering excellence. 
And the freedom you'll have to realize your 
full career potential in a company which 
recognizes and rewards achievement. 


Welcome To The Good Life! 


Living on Florida’s famous Suncoast is 
more than just sun and sand and fun. 


Sure, there’s a 98.9041 per cent chance of 
sunshine every day and you can swim in 
the middle of winter. But equally as impor- 
tant, you can watch a Broadway show or 
Las Vegas headliner talent, catch major 
league NFL football or NASL Soccer, enjoy 
first class opera and symphony concerts, 
or tour one of the many art museums in the 
area. Or you can take the whole family to 
nearby Disney World, Circus World, or 
Busch Gardens. Whatever you want to do 
is here for you. On Florida’s famous Sun- 
coast. The family place. 


If being involved with something really sig- 
nificant is important to you, then we’re your 
Avionics Division 


Honeywell 
in FROsi x ida A place in the sun for you! 


Honeywell is an equal opportunity employer 
actively seeking applicants under its Affirmative 
Action Program. 


kind of company. And if you and your fam- 
ily like the idea of moving to Florida’s Sun- 
coast, where your new salary with 
Honeywell-in-Florida will be worth 
thousands more a year, rush us the “In- 
stant Application” in complete confidence, 
of course. 


Honeywell-in-Florida has immediate 
and long term needs for Engineers in 
the following disciplines: 


Mechanical Design 
Software Engineering 
Systems Engineering 
Computer Systems 
Digital Design 

Analog Circuit Design 
Reliability Engineering 
Analog Design 
Production Test 
Production Build 
Electronics Design 


*Christian Science Monitor. 


Be er ne ne ee ee eae ao 
; “INSTANT APPLICATION” D4 
- Name Duties Duties ; 
! Address ; 
i City State i 
- Zip Previous Employer ____ Previous Employer ' 
- Home Phone : 
s Business Phone Dates Employed Dates Employed A 
t Job Applying for Job title - 
: Mail to: D. Manthos Job title : 
Present Employer Avionics Division, Duties : 
3 Honeywell-in-Florida ? 
: Salary requirements 13350 U.S. Hwy 19 : 
§ Pinellas County, Florida 33733 Education i 
k aS meee : 3 
Present salary ef Avionics Division fF Other Experience 
‘ i 
! Dates Employed moneywe ; 
a Job title in ida a place in the sun for you! 5 
Pe i lh sn ss ho aed sin ee hea ek cs eh sw Ul ws ns mo tes sr cr st SS Phen Sn eh des Ae 
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New Products 


MODULATION ANALYZER. Combin- Model 752 prevent the aliasing of with outputs ranging from 0 to 1 kV to 

ing the capabilities of a modulation out-of-band components into the 0 to 50 kV and power levels of 30W for 

meter, frequency counter and power frequency band of interest. Cascading Series 205A, 225W for Series 210. 

meter, Model 8901A accurately char- channels allows you to achieve a Specs show 0.001% regulation and 

acterizes all types of AM, FM and 230-dB/octave slope. This spec, pass- ripple, and a TC of 50 ppm/°C. 

phase-modulated signals in the 150- band ripple of +0.25 dB and stopband Standard features include digital 

kHz to 1300-MHz range. You can use attenuation of 80 dB provide ‘‘brick- voltage controls, panel voltage and 

this ~P-based instrument in a fully- wall’ results. You can program cutoff current metering, remote voltage and 

automatic system, manually or in frequency, as well as gain and channel resistance programming and reversi- 

combination. The unit is programma- selection, by front-panel controls—or ble polarity. From $550. Bertan 

ble through the HP-IB/IEEE 488-1975 remotely through a parallel-input, Associates Inc, 3 Aerial Way, Syosset, 
interface bus. $7500. Hewlett-Packard buffered interface. Rockland Systems NY 11791. Phone (516) 433-3110. 

Co. 1507 Page Mill Rd, Palo Alto, CA Corp, Rockleigh Industrial Park, Rock- Circle No 212 

94304. Phone (415) 856-1501. leigh, NJ, 07647. Phone (201) 767- 
Circle No 210 7900. Circle No 211 

STATIC METER. Without employing 

radioactivity, and offering simple, 

one-handed operation, the DCA- 

1200-1 lets you detect and read both 

the polarity and voltage of static 

charges on any surface without 

touching the surface. Two 9V transis- 

tor batteries power the unit for 

approximately 200 hrs. Full-scale 

: range equals +5 kV at 6 in. (+10 kV at 

HV LAB SUPPLIES. Al! of the 1 ft), with accuracy of 10% of FS. $295. 

PROGRAMMABLE FILTER. Indepen- solid-state Series 205A/210 units are Anderson Effects Inc, Box 657, 

dent dual 115-dB/octave, O- to arc protected, short-circuit proof and Mentone, CA 92359. Phone (714) 

110-kHz low-pass filter sections in self restoring. You can order models 794-3792. Circle No 213 


An engineer’s guide to better PM motors. 


3 Commutator: 
2 Diamond turned 
Bearings: Double copper. 

T Enscae: acti anette al Welded amature Efficient, reliable 
tae cat hadbtnancior eaicinndad tai ita. connections. performance, rugged 
and precision = construction, quality 
tolerances. a materials, and Clifton’s 

7 a —— . broad experience and 
om, ty modern facilities 


combine to produce the 
best overall value in 
low-cost DC permanent 
magnet motors. For 
a further information, call 
“i ee . John Staiber at (215) 622-1000. 


7 Permanent magnets: LH 


Ceramic, Alnico or Litton 
rare earth. 


5 Shaft: Stainless a 


steel— 

wide selection 
of standard 
diameters and 
extensions. 


6 Replaceable, long-life 
cartridge brushes. 


CLIFTON PRECISION 


MARPLE AT BROADWAY e CLIFTON HEIGHTS, PA. 19018 


For more information, Circle No 114 
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STANDARD 
Industrial Thriftmeters 


RM-350 ~ $65 
With LED Readout 
RM-351 $76 
With LCD Readout 


@®Fits DIN & NEMA 
Cutouts. 


@_CD or LED Readouts. 


@Super Low Prices. 


@ Terminal Block or P.C. 
Edge Connections. 


Non-Linear Systems, Inc. 
Originator of the digital voltmeter. 
Box N, Del Mar, California 92014 


Telephone (714) 755-1134 TWX 910-322-1132 


RM-350, circle no 115 
RM-351, circle no 116 


New Products 


DIGITAL THERMOMETER. The Handi 
Temp provides features such as direct 
switching from °C to °F and the 
acceptance of surface, needle or other 
probe designs that plug into the unit 
using compensated miniature con- 
nectors. Both Type J and K units are 
offered, furnishing 0.5% reading 
accuracy (1°F). $255 for Type J (Model 
DH11) or K (Model DH12) units— 
complete with NiCd batteries, case, 
battery charger and general-purpose 
probe. Barber-Colman Co, 1700 Rock 
St, Rockford, IL 61101. Phone (815) 
877-0241. Circle No214 


TEMP CONTROLLERS. Four portable 
models in the 700 Series furnish 
proportional temperature control for 
electrical resistive heating. Each unit 
consists of a solid-state controller and 
comes in a control cabinet that 
contains an ON/OFF switch, power- 
level indicator, load-output socket 
(115V or 230V), sensor jack, set-point 
knob and scale, line fuse and an 8-ft 
line cord. Models 700 and 720 provide 


0 to 100 reference scale dials; Models 
710 and 760 are direct reading (°C and 
°F dial); Model 760 has a direct- 
reading meter. $270 to $435. RFL 
Industries Inc, Boonton, NJ 07005. 
Phone (201) 334-3100. Circle No 215 


OSCILLOSCOPE/DMM. Claimed to be 
the first to contain both a 5-MHz, 5-mV 
dual-trace scope and a full-function 
DMM in a 10-lb package that 
measures 4.4x9.3 x 14.2 in., Model 305 
operates for 5 hrs on its built-in 
battery pack. Vertical modes include 
CH1, CH2, Chop, Alt, Add and Invert 
CH; sweep speeds run from 1 usec to 
50 msec/div (plus a 10x magnifier). 
$1725. Tektronix Inc, Box 500, 
Beaverton, OR 97077. Phone (800) 
547-1572. Circle No 216 


OPEN-FRAME SWITCHERS. All ver- 
sions of the 1-output Model LR7500, 
3-output Model LR7700, and 4-output 
Model LR7800 deliver 75W out, mount 
on 2 surfaces and can be ordered with 
OVP on the main output. The 
4.87x2.1x7-in. Model 7500 provides 
12V/6.5A or 15V/5A. Two inches 
longer, Model 7700 adds two 12W 
auxiliary outputs to the 7500’s main 
output. $99 (100) for LR7500; $126 for 
LR7700. California DC, 31117 Via 
Colinas, Bldg 402, Westlake Village, 
CA 91361. Phone (213) 991-1168. 
Circle No217 


SPECTRUM ANALYZER. The uP- 


controlled Model 8566A spectrum 
analyzer furnishes 10-Hz resolution 
accompanied by sensitivity of —137 
dBm up to 1 GHz, —134 dBm to 5.8 
GHz and —115 dBm at 22 GHz. Related 
characteristics are a 80-dB dynamic 
range and +2.2-dB amplitude flatness. 
You can directly measure (on micro- 
wave signals) line-related sidebands 
50 dB down. $47,500. Delivery, 18 wks 
ARO. Hewlett-Packard Co, 1507 Page 
Mill Rd, Palo Alto, CA 94304. Phone 
(415) 856-4234. Circle No218 


New Phi-Deck Electronics 
e Motion Control ... Minimum complexity, Maximum 
performance. 
e Digital ... Read/Write and Motion Control on one 
board. Recording density to 1600 FRPI. 
e Analog ... Two channel Record/Play and Motion 
Control on one board. 


Write or call for information on our specially priced 
Design Kits and OEM Modules featuring 
PHI-DECK electronics. 


4605 N. Stiles P.O. Box 18209 (405) 521-9000 I 
Oklahoma City, OK 73154 TWX: 910-831-3286 Triple 


Incorporated 


For more information, Circle No 117 : 
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MODEL 76 
MODEL 715 MODEL 720 LOW COST OPTICAL 


OPTICAL OPTICAL OPTICAL . MODULAR MOTOR/ENCODER 


INCREMENTAL FOR INCREMENTAL FOR 
MOUNTING TO MOTORS MOUNTING-TO MOTORS ABSOLUTE ABSOLUTE PACK AG 


1.5 IN. DIAMETER 2 IN. DIAMETER 


Being the world leader in our field, we have designed encod- 
ers to meet the full range of user applications. They range 
from the simple, low cost modular encoders to the most 
sophisticated encoders for military and N A S A requirements. 


If you need data or assistance in selecting the right encoder, 
please contact us. 
THE MARKETING DEPARTMENT 
LITTON ENCODER DIVISION 
20745 NORDHOFF STREET 


cussions CALIFORNIA, 91311 LH ENCODER DIVISION 


TELEPHONE 5 (219) 341-6161 / TWX 910 494-1229 Litton 


For more «intention Circle No 118 


eee MICRO HOOK @ E-Z-MINI HOOK X100W AND XL1  E-Z-MACRO HOOK XH AND XHL @ E-Z-NAILCLIPS 


OUR NEW MICRO 
TROUBLE SHOOTER 
SOLVES YOUR IC 
TESTING PROBLEMS 


The XM Micro Hook is designed for difficult IC test 
connections. Light weight (less than 1 gram) and 
Finger-eze Hypo Action permit direct hookup to delicate 
wires where weight and leverage may damage com- 
ponent. Fully insulated to a single contact point for 
true readings. 

Construction: One-Piece Beryllium Copper, Gold- 
Plated Conductor and Hook, made for connections 
over leads up to .025" diameter. Durable Heat and 


Chemical Resistant Nylon Body. Stainless Steel 3 
Spring. Available preconnected to a wide variety of SHOWN +252 0:0.) |, 
interface connectors. ACTUAL 


Colors Red, Black, Blue, Green, Orange, Yellow, White. WITH 
Brown, Violet and Gray. 


HOOK 
EXCLUSIVE FIELD SERVICING FEATURE EXTENDED. 


ose 


SEND FOR COMPLETE NEW CATAL OG AND PRICE LIST 


i ;. ; 114 EAST SAINT JOSEPH STREET 
; ARCADIA, CALIFORNIA 91006 


A DIVISION OF TEKTEST, INC. (213) 446-6175 / TWX 910 582 1614 


PATCH CORDS @ COAXIAL JUMPERS @ E-Z-HOOK CLIP 61-1 AND 61-2 ¢ 


Damaged lead wire easily replaced. 


SYOLdVOV @ SYHAdNINE INV SQV4A1 LSSL @ dX GNV dX SA9Oud-Z- 


® =-7-PROBES 52 AND 54-1 @ BNC, UHF. SMA AND STACKING DOUBLE BANANA COAXIAL TEST CABLES ® 


For more information, Circle No 152 
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hr . 
%esn't nave ® ures Ou a curve” 


Adjustable for table-top or wall 
mounting, the DMTP-9 is avail- 
able with controllers, power 
supplies and interconnect 
cable systems for complete 
microprocessor/microcom- 
outer compatibility. For more 
details, call or write: 
Practical Automation, Inc., 
Trap Falls Road, 

Shelton, CT 06484; 

(203) 929-5381 


Our DMTP-9 programmable card 
printer/ plotter does both — 
prints the full alphanumeric ASCII . _ 
character set, and prints graphics 1 _ _. 
for plotting too. ~_ 


All it took was combining our long-life 
5 x 7 dot matrix needle head with a step- : : 
ping motor that controls ticket positioning | = 
until the message (alphanumeric or graph- 
ics) is complete. Result: both analog and 
digital data, on the same card. 


Use it with blood — gas and other medical 
analysis instruments. Extend the capabil- 
ities of a weighing system. Add a new 
dimension to time card and production . 
control. And, print on either multi-part forms ~ 
or single cards...on impact-sensitive paper or PRACTICAL 
with ribbon. Even program character pitch for . AUTOMATION 
standard or enhanced printing for up to 32 char- INC. 

acters per line, and approximately 39 lines. 
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LOOK AGAIN!! 


NLS’ Counter specs are amazing and 
the prices will please you. 


PR-5 
PRESET COUNTER 


Unit Quantity— $164 


Features Include: 


® Five-digit LED display of count plus 
5-digit preset. @ Counts at 500 kHz 
pulse and 300 Hz contact closure. 
@ Small: 2.25" Hx3.25" Wx4.0" D; 
fits inthe palm ofyour hand, @ Per- 
mits multiple presets. @® Optional 
battery pack for standby operation. 
®@ Solid-state LSI circuitry with high 
noise immunity. 


PC-4 
EVENT COUNTER 


Unit Quantity— $60 
Features Include: 


®@ Counts to 19999 events @ up to 200 
kHz. @ Programmable decimal. 
@ TTL or switchinput. @ Electronic 
reset. @ Display inhibit/dimming and 
lamp test. @ Leading zero suppres- 
sion capability. @ Multiplexed BCD 
output. @ Multiple units maybe cas- 
caded. ® Large 0.3" LED display. 
@ Small size: 1"Hx2.5" Wx3. 25" D. 
@ Operates from +5 vde supply; using 
less than 0.75 watts. @ Optional 115 
vac operation. 


Non-Linear Systems, Inc. 


Originator of the digital voltmeter. 


Box N, Del Mar, California 92014 Telephone (714) 755-1134 
PC-4, Circle No 138 
PR-5, Circle No 139 
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The Intecolor 8080 Development System Gives 
You Total In-House Control. You probably already 
realize that an in-house develooment system 
would give you a lot more control, flexibility and 
efficiency. 

You may not realize that now you can afford 
one. Our new low-cost 8080 development system 
features a 19-inch, 8-color data entry terminal 
with an Intel 8080 micro computer. A 440 CPS bi- 
directional desk fop printer. A dual mini disk drive 
and our 2708/2716 PROM programmer. It also 
includes a sophisticated ROM-based Text Editor 
and Assembler. And as an option, a FORTRAN 
compiler with double precision by Microsoft® 

Call 404/449-5961 for a demonstration. 

Calor Communicates Better 


Intelligent Systems Corp... JSC 


5965 Peachtree Corners East/Norcross, Georgia 30071 
Telephone 404/449-5961 TWX: 810-766-1581 


For more information, Circle No 123 
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VIBRATION DETECTORS. Reacting in 
milliseconds, CV-200-Series units can 
measure excessive moving-equipment 
vibration, output an automatic warn- 
ing and shut down the machinery 
before a serious failure can occur. The 
detectors furnish an electrical signal 
precisely proportional to the 
_vibration—a signal that can be filtered, 
rectified, compared, regulated, select- 
ed, rejected or operated on by a 
computer before the controlling ac- 
tion is taken. Frequency response 
spans 2 to 500 Hz, temperature range 
covers —40 to +170°F and repeatabili- 
ty equals 1% of setting. Power can be 
115V, 60 Hz or 28V dc. Columbia 
Research Laboratories, MacDade 
Blvd & Bullens Lane, Woodlyn, PA 

19094. Phone (215) 532-9464. 
Circle No 219 


DMM TEMP PROBE. Used with a 


10-MQ-input DMM that has a 200-mV 
range, this probe lets you make 
surface and immersion measurements 
between —20 and +125°C. Response 
time equals 4.5 sec, while accuracy 
specs at +1.5% and 2°C and a probe 
output of 1 mV/°C permits direct 
temperature reading in °C. The probe 
grip houses the thermistor sensor, 
amplifier circuit and battery. Siemens 
Corp, 186 Wood Ave South, Iselin, NJ 
08830. Phone (201) 494-1000. 

Circle No 220 
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New Products 


LINE-VOLTAGE RECORDERS. Both 
the Model LVA-110-R and LVA-110-RX 
provide a permanent record of 
line-voltage disturbances such as 
sags, surges and drop-outs and the 
exact time of occurrence. A_ high- 
speed ac V/F converter enables the 
units to monitor the line voltage with 
1/2-, 1- or 2-cycle time bases. Device 
memories are continuously updated 
with the worst-case highest and 
lowest rms voltages. The multiplexing 
of these memories at 1-1/2-min 
intervals allows the stored data to be 
transferred to recorder memory, then 
outputted for chart recording. $1265. 
Power-Science Inc, 7571 Convoy Ct, 
San Diego, CA 92111. Phone (714) 
292-4322. Circle No 221 


RECORDER. Offering a choice of 
fine-line-thermal or pressurized-fluid 
writing, Model 2100 achieves a 
response of dc to 30 Hz FS at 50 mm 
(dc to 80 Hz at 10 mm), with <8 msec 
rise time and <1% overshoot. The 
device accepts any 4600 Series 
plug-in amplifier and is electrically 
compatible with all other Gould 
amplifiers and signal conditioners. 
$1495. Delivery, 45 days ARO. Gould 
Inc, Instruments Div, 3631 Perkins 
Ave, Cleveland, OH 44114. Phone (216) 
361-3315. 


DUAL-TRACE OSCILLOSCOPE. The 
12-MHz Model OS253 sports dual- 
trace and X-Y display capability; an 
8x10-cm CRT; 2-mV/cm vertical 
sensitivity with ac, ground and dc 
coupling and channel sum and 
difference with channel 2 inversion. 
The unit also provides bright-line 
operation, dc coupled Z-modulation 
input, calibrator output and a trace- 
rotate control. You get continuously- 
variable horizontal sweep rates from 
500 nsec/cm to 0.2 sec/cm (in 18 
ranges); triggering is ac coupled. The 
5-1/2 12x 18-in. instrument carries a 
2-yr warranty. $695. Gould Inc, 3631 
Perkins Ave, Cleveland, OH 44114. 
Phone (216) 361-3315. Circle No 223 
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Economy © 
DIP 
Tantalum 
Capacitors 


Siemens new ST841 and ST842 
Sub-miniature Epoxy Coated 
Solid Tantalum Capacitors are 
the economical answer to 
Tantalum Capacitor applications. 


Features: 


@ Capacity Ranges from 0.1 uF 
thru 680 uF 


@ Tolerances of 5, 10, or 20% 


m Eight categories from 3 to 
50 Volt 


m@ Lead Styles of straight or 
‘“‘Lock-in” crimp 

@ Lead Spacings of 0.1 or 0.2 
inch are available 


m Manufactured in U.S. 
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Siemens Corporation 
eo puters ore 
186 Wood Avenue South 
Iselin, New Jersey 08830 
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You know Hamlin reed switches. 
Now get to know 


_ Hamlin reed relays. 


Hamlin has long been Number One in reed 
switches. Now make Hamlin your Number One 
choice for printed circuit board and dual-in-line 
packaged reed relays. 

Hamlin reed relays are hermetically sealed 

in epoxy with a choice of Form A, B or C 
contacts. Diode or electrostatic shielding 

is optional. These are available as dry 

reed and mercury-wetted, no-bounce 
operation. One mercury model permits operation 
in any position — a Hamlin first! 


All offer long life at moderately low cost, fast — 
switching and good isolation between input (coil) _ 
and output (contacts). _. — 


Use Hamlin reed relays with the same confidence 4 
you have in Hamlin reed switches for all military, oO 
industrial and commercial applications in the world (jas 

of computers, telecommunications and industrial ee 
controls. 


For more information on these exciting new 
products and the complete Hamlin line of relays 
up to 40 amps, write or call: Hamlin, Inc., 

Lake & Grove Streets, Lake Mills, 

WI 53551, 414-648-2361. 


INCORPORATED es, 1429 
For more information, Circle No 125 


PROGRAMMABLE CONNECTIONS FREE! gw 
ALL NEW 
Sealectro molded Newark evectronics 


Shorting CATALOG 104 
Plugs — 
& Jacks 


Perfect for programmable 
connections between two mat- 
ing receptacles. Mates with 
pin jacks when arranged on 
.200 or .250 center-to-center 
arrangement. Molded units 
with eye handle or plain han- 
die units. Also female recep- 
tacle to accept .040 pins. 
Available as “U” shaped metal 
connectors. Send for free Cir- 
cuit Component Catalog. 


There’s no other catalog 
like it...and there’s no 
other distributor that 
gives you the kind of 
service Newark does 
756 pages! 

= Over 100,000 items! 

# 190 top brand name lines! 


Many new lines 
All products listed are stocked. 


FEATURING 


AMPHENOL FIBER-OPTIC CONNECTORS 


Precision, all metal units for accurate, 
repeatable alignment and interface 
Stability at environmental extremes. 
Epoxy and crimp types for Corning, 
Galileo, Poly Optics, Valtec, Dupont 
and Rank cables. Tools and acces- 
sories also. Stocked regionally for 
quick delivery. 


® CIRCUIT COMPONENTS DIVISION 


SEALECTRO 


CORPORATION 
MAMARONECK, N.Y. 10543 
PHONE: 914 688-5600 TWX: 710-566-1110 
Sealectro West: 
14011 Ventura Bivd., Suite 215, Sherman Gaks, C2. 91423, (213) 990-8131 
1901 Old Middiefieid Way, Suite 13, Mountain View, Ca. $4043 (415) 965-1212 
Seaiectro Ltd., Portsmouth, Hants, Engiand 
Sealectro S.A., Zone Industrielie Toulon Est, 83087 Toulon Cedex, France 


Write or phone today for your personal copy! 


NEWARK ELECTRONICS 


500 N. PULASKI « CHICAGO, IL 60624 


CIRCUIT COMPONENTS @ RA F.COMPONENTS & PROGRAMMING DEVICES 


For more information, Circle No 126 


PHONE (312) 638-4411 * TELEX 25:3218 
For more information. Circle No 127 
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New Products 


COMPUTER-SYSTEM 
SUBASSEMBLIES 


tint 


uP SYSTEM. Allowing two 2650 uPs to 
operate with interleaved fetch-execute 
cycles, the Slavemaster 2650 fully 
utilizes all available S-100-bus time. 
This 2-board system maintains precise 
processor timing and, once synchro- 
nized, requires no processor interac- 
tion. You can let the uPs share all 
system memory or enable each 'pP to 
access only 1k of the other’s memory. 
$269 for master, $259 for slave. 
Victoria Micro Digital, 401 Dundee St, 
Victoria, TX 77901. Phone, (512) 
575-3836. Circle No 241 


MAGNETIC CARD. The credit-card- 
sized Kilobyte Card stores up to 256 
8-bit bytes on each of its four 
magnetic stripes. Compatible with the 
manufacturer's KB-31 Microloader 
and LC-31 Gameloader reader- 
encoders, the card suits applications 
such as automatic test and measure- 
ment equipment, machine-tool con- 
trols;, intelligent terminals and 
process-control systems. $1.25. Deliv- 
ery, 60 to 90 days. Vertel Inc, 125 
Ellsworth St, Clifton, NJ 07012. Phone 
(201) 472-1331. Circle No 242 


GRAPHICS IMAGING SYSTEM. The 
RGB-256 features 256 x 256-dot reso- 
lution with four bit planes and 
includes American (NTSC) and Euro- 
pean (PAL) color- and grey-scale 
encoders that provide up to 16 colors 
or shades. The 1-card unit drives 
standard color or black-and-white TV 
monitors directly through a single 750 
cable. An on-board phase lock loop 


permits synchronization with an exter- 
nal video source, such as a TV camera. 
$1295 (100). Matrox Electronic Sys- 
tems LTD, 2795 Bates Rd, Montreal, 
Que H3S 1B5, Canada. Phone (514) 
481-6838. Circle No243 


HIGH-DENSITY CRT MONITOR. Op- 
erating at 50,000 scan lines/sec, the 
VR-800 produces image resolution 
three times that of ordinary CRT 
monitors, and tripled data density as 
well. The unit displays 800 noninter- 
laced scan lines—equivalent to 66 
lines of 7x9 characters—and refresh- 
es at 60 Hz. $375 (1000). Moniterm 
Corp, Box 262, Long Lake, MN 55356. 

Circle No 244 


I/O CARD WITH MODEM. The S-100- 
bus-compatible 8P2SM offers eight 
bidirectional parallel ports, two serial 
inputs and two serial outputs. You can 
configure one set of serial ports for 
RS-232 operation and the other as a 
full-duplex, |answer-or-originate 
modem. The parallel interface oper- 
ates over two edge connectors, and a 
16-pin DIP socket provides serial- 
interface connections. $199 ($149 kit). 
MicroDaSys, Box 36051, Los Angeles, 
CA, 90036. Phone (213) 935-4555. 
Circle No 245 


JOB SHOPPING? 


Check EDN’s Career Opportunities 


EDN: Everything Designers Need 


\ 


SIEMENS 


New 
Zener 
Wall Chart 


date files...yours for the 
asking from Siemens. 


To see at a glance the full line of 
Siemens Zener Diodes 
manufactured in Scottsdale, 
Arizona....you should have this 
new chart. It’s a real time-saver. 


Siemens is the world’s leading 
supplier of Hi-Rel Zener Diodes. 
Almost without exception, every 
major U.S. military and space — 
program used Siemens Zeners for 
the reliability they provide in 
critical environments. 


In addition to the Hi-Rel Zeners, 
Siemens supplies a full line of 
commercial zeners, rectifiers 
and transient suppression zeners. 


To have our Zener wall chart sent 
to you without charge, just circle 
the reader service number below 
or write to: 


Siemens Corporation 
okt pumaliediae Coe 

186 Wood Avenue South 
Iselin, New Jersey 08830 


For more information, Circle No 128 
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One simple DC voltage recorder or a 
dozen fiber-optic oscillographs. General 
Electric Instrument Rental can meet all 
your needs. 


We stock in depth. Our computer con- 
trolled inventory includes recorders by top 
manufacturers like Esterline-Angus, Gould 
Brush, Dranetz, Honeywell and Texas Instru- 
ments. Carefully inspected, accurately call- 
brated and ready to ship, usually the day 
you call. 


GE has 6 stocking inventory centers, 40 
sales offices and more than 15,000 instruments 
including the recorders you need—right now. 


“«-. Sm. 
+ Q0ne Gee oe 
5S S805 G66 ae 


For your Free Rental Catalog call collect 
518-372-9900 or your nearest sales office 
listed below, or write the General Electric 
Company, Apparatus Service Division, Building 
4 Room 210, Schenectady, NY 12345. 


ALA. BIRMINGHAM (205) 925-9449 ¢ ARIZ.PHOENIX (602) 278-8515 or 8516, TUCSON (602) 
294-3139 @ CAL. LOS ANGELES (213) 642-5350, SACRAMENTO (916) 383-4986, SAN FRAN- 
CISCO (415) 436-9260 ¢ COL. DENVER (303) 320-3255 ® CONN. SOUTHINGTON (203) 621- 
4059 e FLA. JACKSONVILLE (904) 751-0615, MIAMI (305) 696-0811 ¢ GA. ATLANTA (404) 
457-5563 © ILL. CHICAGO (219) 933-4500 or (312) 854-2994 ¢ IND. INDIANAPOLIS (317) 
639-1565 ¢ KY. LOUISVILLE (502) 452-3311 ¢ LA. NEW ORLEANS (504) 367-6528 ¢ MD. BAL- 
TIMORE (301) 332-4713 ¢ MASS. BOSTON (617) 396-9600 ¢ MICH. DETROIT yi 285- 
6700 ¢ MINN. MINNEAPOLIS vie 522-4396 @ MO. KANSAS CITY yey 231-4377 or (816) 
231-4620, ST. LOUIS (314) 965-7115 e NEW JERSEY CLIFTON (201) 471-6556 ¢ N.Y. BUF- 
FALO (716) 876-1200, SCHENECTADY (518) 385-2195 ¢ N.Y.C. CLIFTON, N.J. (201) 471-6556 
e N.C. CHARLOTTE (704) 525-0311 ¢ OH. CINCINNATI! (513) 874-8512, CLEVELAND (216) 
441-6111, TOLEDO (419) 691-3501 e ORE. PORTLAND (503) 221-5101 ¢ PA. PHILADELPHIA 
(609) 424-4450, PITTSBURGH (412) 462-7400 ¢ S.C. GREENVILLE (803) 277-4093 e TENN. 
MEMPHIS (901) 527-3709 ¢ TEX. BEAUMONT (713) 842-4514, DALLAS (214) 357-7341, 
HOUSTON (713) 672-3570 © UT. SALT LAKE CITY (801) 292-4411 © VA. RICHMOND (804) 232- 
4576 e WASH. SEATTLE (206) 575-2987 ¢ W.V. CHARLESTON (304) 345-0920 ¢ WISC. MIL- 
WAUKEE (414) 744-0110 e PUERTO RICO PONCE (809) 843-4225 or 4625. 


GENERAL @@ ELECTRIC 


For more information, Circle No 129 
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New Products 


SINGLE-LINE ADAPTER. This pro- 
grammable asynchronous single-line 
adapter (PASLA) provides a 2-channel 
interface, between an Interdata multi- 
plexer ofSelector-channel I/O bus and 
any. asynchronous data set or local 
terminal with an RS-232C interface. 
Each dual PASLA channel offers an 
independent switch-selectable device 
address, high or low baud selection, 
half-duplex or full-duplex mode and 
modem-input signal assertion. $695. 
MDB Systems Inc, 1995 N Batavia St, 
Orange, CA 92665. Phone (714) 
998-6900. Circle No 246 


I/O BOARD. Designed for rugged 
industrial environments, the dual- 
height DT2768-I isolated digital I/O 
board offers hardware and software 
compatibility with DEC’s DRV11 
parallel-line interface unit for its 
LSI-11 and LSI-11/2 wCs. The board 
contains a 16-bit wide data-input 
register, a 16-bit wide output register 
and a control/status register, and 
features 200V bit-to-bit isolation for all 
lines that interface with external 
processes. $395 for the DT2768-I, $195 
for the DT2768 non-isolated version. 
Data Translation Inc, 4 Strathmore 
Rd, Natick, MA 01760. Phone (617) 
275-2846. Circle No 24/7 


ADD-ON MEMORIES. Hardware and 
software compatible with IBM 303X 
computers, the ARM-303X Series 
provides up to 256k bytes of memory 
per board. The ARM-3031 and -3032 
offer four-way interleaving, while the 
-3033 has eight-way interleaving. 
Memory space expands in 1M-byte 
increments to a maximum of 16M 
bytes in one cabinet. You can also use 
the boards as self-contained units and 
install them on hinges in place of a 
computer-cabinet door. $50,000 per 
megabyte. Ampex Corp, 200 N Nash 
St, El Segundo, CA 90245. Phone (213) 
640-0150. Circle No 248 


EDN FEBRUARY 20, 1979 


DACs FOR MICRONOVA. Units in the 
ST-MNOVA-DA Series of DAC boards 
slide directly into MicroNova card 
slots. These boards feature 4-ysec 
settling time to within + 1/2 LSB of 
final value, four jumper-selectable 
output voltage ranges and 50 mf) 
output impedance. A 4-channel ver- 
sion offers an optional +15V, 150 mA 
dc/dc power converter. $630 for 
4-channel DAC with dce/dc converter; 
$550 without converter; $785 for 
8-channel DAC. Datel Systems Inc, 
1020 Turnpike St, Canton, MA 02021. 
Phone (617) 828-8000. Circle No 249 


uC WITH DISC CONTROLLER. The 
Z80-based, 90F/MPS board computer 
includes up to 64k bytes of dynamic 
RAM, up to 14k bytes of EPROM with 
programmer, 1k byte of static RAM, up 
to four 8-bit programmable |/O ports, 
four programmable counter-timer 
channels, an RS-232C or 20-mA serial 
port and a PROM-resident system 
monitor with debug capabilities. The 
on-board floppy-disc controller sup- 
ports up to four 5-1/4 or 8-in. single- 
or double-density drives. $1295. Quay 
Corp, Box 386, Freehold, NJ 07728. 
Phone (201) 681-8700. Circle No 250 


PRINTER INTERFACE. The MPC-15 
interfaces Dataproducts 2230, 2260 
and 2290 high-speed printers with 
complex-protocol communication 
lines. A printer can access the board’s 
128-character memory at speeds up to 
500 kHz through a TTL-compatible 
port. The MPC-15 board plugs directly 
into the printers but stand-alone 
operation is also available, as well as 
firmware packages for most line 
protocols. $915 (100) with 1k memory. 
Air Land Systems Corp, 2820 Dorr 
Ave, Fairfax, VA 22031. Phone (703) 
573-1100. Circle No 251 


SIEMENS 


Chip 
Inductors 
for thick 


or thin film 


circuits 


Intended for use as D.C. Chokes 
in RFI filtering circuits. 


Features and specs: 


@ Much smaller than 
comparable DC chokes 


@ Reduces labor costs- 
eliminates need for lead 
bending or clipping 


@ Compatible with reflow 
soldering techniques 


m Inductance range from .1 uwH 
to 470 uH 


@ Minimum Q of 40 for .1 uH 
to 50 for 470 nH 


@ Self resonant frequency to 
over 250 MHz 


@ DC current capability to 1% 


amps 
m DCresistance as low as 
60 mQ 


For further information on 
Siemens full line of Ferrites 
that offer a wide range of 
applications, write: 


Siemens Corporation 
Components Grou 


186 Wood Avenue Guth 
Iselin, New Jersey 08830 


For more information, Circle No 130 
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New Products 


uC WITH A/D CONVERTER. Designed 
for data acquisition and direct control 
applications, the MLZ-DAQ sports 
either an ADAC ADAM-12 or ADAM- 
12APG A/D module to provide 32 (16 
differential) 12-bit analog-input chan- 
nels. This Z80-based single-board unit 
also provides two RS-232C ports, four 
Multibus-compatible parallel ports, 1k 
of static RAM and sockets for up to 8k 
bytes of EPROM. ADAM-12, $815 
(100). Heurikon Corp, 700 W Badger 
Rd, Madison, WI 53713. Phone (608) 
255-9075. Circle No 252 


CORE MEMORY. With a 250-nsec 
access time and a 650-nsec full-cycle 
time, the Store/3220 provides 32k x 20 
bits of planar core memory per 
11.75x15.4x1-in. board. You can link 
up to four of these cards for 128k 
maximum storage capacity. The mem- 
ories are Micromemory-3000-interface 
compatible and are available with a 
self-test card option. $2190, in OEM 
quantities. Delivery, 120 days ARO. 
Dataproducts Corp, 6219 DeSoto Ave, 
Woodland Hills, CA 91364. Phone 
(213) 887-8451. Circle No 253 


1/0 BOARD. This’ S-100-bus- 
compatible board includes a 24- 
linex80-character video driver, 24 


212 


programmable parallel 1/O lines, 24 
dedicated output lines with bus- 
driving outputs, a UART with RS-232 
interface and 1k byte of EPROM. The 
board also provides 4k bytes of refresh 
memory—so you can display 48 lines 
of video data by scrolling between 
lines—and it interfaces with all 
popular monitors. $395. Micromation 
Inc, 524 Union St, San Francisco, CA 
94133. Phone (415) 398-0289. 

Circle No 254 


LSI-11/2 A/D BOARD. On one 
half-quad board, the ST-LSI2 offers 16 
single-ended or eight differential A/D 
channels for LSI-11/2 computers. 
Sporting a throughput speed of 20 
usec per conversion, the board 
furnishes a differential 
programmable-gain amplifier, a pacer 
clock with 16 program-selected 
timebases and a dc-to-dc power 
converter. $505 for ST-LSI2. Datel 
Systems Inc, 1020 Turnpike St, 
Canton, MA 02021. Phone (617) 
828-8000. Circle No 255 


ARITHMETIC UNIT. Enhancing com- 
putational capability of SBC 80 
systems, the AMC 95/6011 performs 
addition, subtraction, multiplication 
and division in either single-precision 
16-bit fixed-point, double-precision 
32-bit fixed-point or 32-bit floating- 
point formats. This one-board unit 


also computes advanced trig, inverse 
trig and log functions in a 32-bit 
floating-point format. $595. Advanced 
Micro Computers, 3340 Scott Blvd, 
Santa Clara, CA 95051. Phone (408) 
988-7777. Circle No 256 
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DATA-ACQUISITION MODULES. Suit- 
ed to the low-level signals associated 
with automatic test equipment and 
process-control systems, SDM856/ 
SDM857 data-acquisition modules 
accept 16 single-ended or eight 
differential-input channels. The units 
offer 12-bit, +0.01% linearity, and 
throughput sampling rates from 27 
kHz. The SDM857 includes an instru- 
mentation amplifier. SDM856, $99 
(100); SDM857, $125 (100). Burr- 
Brown, Box 11400, Tucson, AZ 85734. 
Phone (602) 746-1111. Circle No 257 


DISC CONTROLLER. The Model 850 
enables Nova- and Eclipse-type com- 
puters to accommodate up to four 
storage-module disc drives. Com- 
pletely resident on one CPU chassis- 
compatible pc board, the controller 
emulates the Data General 606X. 
Features include automatic position 
verification, multiple computers ac- 
cess, implied seek and overlap seek 
for multiple-spindle applications. 
$3600. Xylogics Inc, 42 Third Ave, 
Burlington, MA 01803. Phone (617) 
272-8140. Circle No 258 


1/0 MODULE. Available with up to 
eight RS-232C asynchronous serial- 
1/O ports, this 4-1/2 x6-1/2-in. module 
suits applications such as data 
concentrators, key-to-disc systems 
and communications switches. You 
can select crystal-controlled rates 
ranging from 150 to 9600 baud. From 
$99 for a 2-port model. Wintek Corp, 
902 N 9th St, Lafayette, IN 47904. 
Phone (317) 742-6802. Circle No 259 
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Kind of transient voltage 
_..and they’e all a problem. 


Ask a dozen engineers for a definition of transient voltage 
and you'll probably get twelve different answers because 
the word transient means different things to different 
people. Whatever the definition, they're all a problem. 

_ Transients are system killers if you re not careful. You can 
get them from induced lightning, static discharge, or from 

_ Inductive switching. And, most of the trouble comes when 
you re dealing with tender devices such as T2L, CMOS, 
memories, and other susceptible semiconductors. 

What can you do about transients? We're glad you 
asked because we make a unique series of products we 
call TransZorb® transient voltage suppressors. We 
design them with MIL-STD-704 (aircraft), MIL-STD-1399 
(shipboard), MIL-STD-1275 (mobile vehicles), and REA 
PE6O0 (utility and telecommunications) in mind. From static 


se GENERAL 
4“. SEMICONDUCTOR 
“> INDUSTRIES, INC 


discharge to nuclear EMP, we have a TransZorb to fit your 
needs. Unlike the zener diode whose function is voltage 
regulation, the TransZorb is designed, manufactured, 
specified, and tested specifically for transient suppression. 
We have over 1200 types in power ratings from 500 watts 
to 600 kilowatts, including polar, bipolar, low Capacitance, 
and RF configurations. Seventy-nine of these are currently 
JAN, JANTX, or JANTXV qualified. We have a standard 
product for almost every transient problem. We make 
customs, too. 

Yes, there’s a difference in transient definitions, just 
as there's a difference in transient voltage suppressors. 
We'd like to tell you more about why you should be using 
ours. For complete information, call or write General 
Semiconductor Industries. 


TransZorb® is a 
registered trademark of 
General Semiconductor 
Industries, inc. 


2001 West Tenth Place + P.0. Box 3078 + Tempe, Arizona 85281 » 602-968-3101 » TWX 910-950-1942 


For more information, Circle No 132 
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Film-potentiometer line 
offers infinite resolution 


The catalog section of this 48-pg 
handbook contains data on linear, 
rotary and multi-turn potentiometers. 
To help you select a precision 
product, a 9-pg data section covers 
mechanical design, element design, 
life, actuation speed, resolution, 
linearity or conformity limits, toleranc- 
es, power dissipation and much more. 
The catalog continues with product 
descriptions, options and a MIL-spec 
check list. Vernitech, Div of Vernitron 
Corp, 300 Marcus Blvd, Deer Park, NY 
11729. Circle No 224 


Guide to 

solid-state relays 

The information section of this 
solid-state-relay booklet discusses 
ambient temperature, off-state leak- 
age current, electrical load effects and 
environmental effects as they relate to 
SSR operation. The 15-pg brochure 
highlights design requirements of 
clamping networks, snubber networks 
and zero-voltage-turn-on circuits in 
SSRs; it also gives criteria for 
choosing optically-isolated, trans- 
former-isolated or hybrid relays. 
Catalog No 7 illustrates and specifies 
the company’s relays, including pa- 
rameters of the output and input 
circuit. Grayhill Inc, 561 Hillgrove Ave, 
La Grange, IL 60525. Circle No 225 


Computer-based apps 
for power sources 


The latest issue of ‘‘Watts Up”’ features 
four tutorial miniarticles on power- 
source applications. Topics include 
temperature specifications, 
application-based power-source se- 
lection, power partitioning and 
uninterruptible-power-supply — to 
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backup-battery interfaces. New prod- 
ucts and available literature are also 


reviewed. Semiconductor Circuits Inc, : 


306 River St, Haverhill, MA 01830. 
Circle No 226 


Designer’s manual on 
ion-implanted diodes 


This 24-pg publication contains com- 
prehensive specs for ion-implanted 
tuning diodes, PIN diodes and 
low-voltage avalanche Zener diodes, 
along with selection guides and a 
cross reference. It also includes 
information on the company’s chips 
and leadless inverted devices (LIDs) 
for hybrid circuits, together with a 
description of screening procedures 
available to customers who require 
high-reliability devices. KSW Elec- 
tronics Corp, S Bedford St, Burling- 
ton, MA 01803. Circle No 227 


SOBRE PRTES CHE 
Power System Measurements 
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Dealing with 
waveform distortion 


Fourth in a series, this 6-pg publica- 
tion carries the title ‘“‘True-RMS or 
Average Sensing in AC 
Measurements—Which is Best for 
your Application?’ The paper begins 
by defining the problem: power-line 
waveforms almost invariably manifest 


distortions which have diverse effects 
on ac meters and different types of 
loads. The note considers peak, 
average and RMS measurements of a 
pure sinewave and points out the 
difficulties encountered with each 
when distortion occurs. Dranetz 
Engineering Laboratories Inc, 2385S 
Clinton Ave, South Plainfield, NJ 
07080. Circle No 228 


New generation of 
chart recorders 


A 6-pg data sheet examines a 
multipoint recorder series; its features 
and improvements include 25% 
greater point-handling capacity, indi- 
vidual chart motors and CMOS logic 
circuitry. A 2-pg illustration of the 
recorder’s interior points out 20 
important characteristics. Other pho- 
tos depict thermal print heads, a 
programming panel and a slide-out 
chassis. Leeds & Northrup Co, 
MD210, Sumneytown Pike, North 
Wales, PA 19454. Circle No 229 


Telecommunications: 
All about measuring 


‘Measuring Methods for Telecommu- 
nications,’ a  58-pg __ brochure, 
describes basic measuring-equip- 
ment design and solves 
telecommunication - measurement 
problems. The material includes text, 
schematics, line drawings and graphs 
which are grouped into sections: 
fundamental technologies of voltage- 
and level-measuring techniques; 
data-communication techniques; and 
distortion-measuring and PCM- 
measuring techniques. An additional 
section details the methods used in 
acquiring measured values. Please 
make requests on letterhead paper 
only. W & G Instruments Inc, 119 
Naylon Ave, Livingston, NJ 07039. 
INQUIRE DIRECT 
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n 1979 you are going to ask 


the 64k question. 


International Microsystems 


will have the answer. 


It may come sooner than that. 
But the point is,that 64K PROMs 
are just around the corner. And 
when you're ready to start pro- 
gramming them, you'll want to 
know which programmer company 
can do the job. 


International Microsystems will 
have the answer. We don’t have it 
yet, of course. But we will. And long 
before your need arises. Because 
when youre ready for us, we'll be 
ready for you. _ 


Today, we have modules for 
the most advanced PROMs — Intel 
8748 and 8755, Intersil 6603 and 
6604, Signetics 82$191, TI 2532 
and the Harris 76161. And if you’re 
anywhere in the U.S., we have a 
representative ready to serve you. 
So give them a call, and be sure to 
ask for your trial demonstration. 


International Microsystems 
means state-of-the-art PROM pro- 
gramming. We don’t have all the 
answers, yet. But that’s because no 
one has all the questions. 


Labtronics KD Associates 

166 Pickard Building 201 Benton Ave., Suite 201 
Syracuse, N.Y. 13211 Linthicum Heights, Md. 21090 
315-454-9314 301-636-1151 


NS Associates 

195 Greer Road 
Woodside, Calif. 94062 
415-854-4870 


Robert Meyers Associates 
613 W. Cheltenham Ave 
Melrose Park, Pa. 19126 
215-224-1663 


JMR 

3145 Bordentown Ave. 
Parlin, N.J. 08859 
201-727-5335 


EQS 

12692 Opalocka Drive 
Chesterland, Ohio 44026 
216-729-2222 


Newmar Associates, Inc. Magaro & Associates 
55 Salem Street P.O. Box 76652 
Lynnfield, Mass.01940 Atlanta, Ga. 30328 
617-245-7960 404-252-6609 


Scientific Sales Corp. 
7257 West Touhy Ave 
Chicago, Ill. 60648 
312-775-7594 
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Southwest E/M Engineering, Inc. 
21602 N. 21st Ave. 

Phoenix, Az. 85068 
602-993-0250 


Scientific Sales Corp. 
2555 E. 55th Place 
Indianapolis, Ind. 46220 
317-253-4606 


International Microsystems, Inc. 
Dewitt Center 

11554 C Avenue 

Auburn, California 95603 

(916) 885-7263, 7262 


Scientific Sales Corp 

9001 Bloomington Frwy 
Bloomington, Minn. 55420 
612-881-3300 


Synergetic Representatives 
10101 Commodore Drive 
Largo, Fla. 33542 
813-596-5331 


X-O Sales Corp. Microcomputer System Sales 
110 South Monaco Pkwy 23971 Dublin 

Denver. Col. 80224 El Toro. Calif 92630 
303-333-4509 4-768-4521 


For more information, Circle No 159 
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Bulletin simplifies 
application of displays 
“Inspection, Handling and Installation 
of Beckman Displays,’ an 8-pg app 
note, provides device descriptions, 
procedures and recommendations for 
the inspection and installation of 
displays. Ten potential display defects 
are circled on separate photographs; 
the accompanying details give accept- 
able limits as well as instructions on 
what to look for. The final section 
recommends installation and handling 
techniques. Beckman Instruments 
Inc, Display Systems Div, Box 3579, 
Scottsdale, AZ 85257. Circle No 230 


printerizeable before. 
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High-performance 
analog data system 


Block diagrams, system _ configura- 
tions, timing diagrams and a complete 
list of specs can help you implement 
the manufacturer's System 256. This 
16-pg brochure provides descriptions 
of available options that allow you to 
tailor the system’s 256 expandable 
A/D and D/A channels to your specif- 
ic application. Datel Systems Inc, 
1020 Turnpike St, Canton, MA 02021. 

Circle No 231 


Two 1979 
instrument catalogs 


One brochure describes digital panel 
meters and counters and their 
variations. The second catalog high- 
lights a line of portable electronic test 
instruments, comprised of digital 
multimeters, oscilloscopes and fre- 
quency meters. Each pamphlet con- 
tains a price list and also lists 
accessory/optional-equipment costs. 
Non-Linear Systems Inc, 533 Stevens 
Ave, Solana Beach, CA 92075. 

Circle No 232 


Printerize smaller with C.ltohs 


subdD-compacts! 


You get new design freedom for all journal applica- 
tions with C. Itoh’s new Model 210 sub-compact Dot 
Matrix Impact Printer Mechanism. You can journalize 
to a new level of compactness. You can even think 
to printerize what you had not considered 


<< C.ltoh Electronics, Inc. 


East: 280 Park Avenue, New York, NY 10017. West: 5301 Beethoven Street, Los Angeles, CA 90066. 
Call: 212/682-0420, Telex: WU 12-5059. 


For more information, Circle No 134 
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Unlimited applications 
for Sonalert signals 


This bulletin lists more than 120 
Sonalert audible-signal devices which 
electronically generate distinctive 
sounds. The 8-pg note describes the 
devices’ capabilities and applications, 
gives technical information on audio, 
environmental and electrical specs 
and details case configurations. The 
back page points out 46 applications, 
including automotive, aircraft and 
marine warning systems. Mallory 
Capacitor Co, Box 1284, Indianapolis, 
IN 46206. Circle No 233 


Compare these new vista features: ® Only 4.8” W x 
e Uni-directional red-and-black inked 
ribbon. ¢ Printing thruput speed 2.4 LPS. e Line 
width variable from 22 to 35 characters. ¢ Uses 
economical standard 3-inch-wide calculator roll paper. 
¢ Assured high reliability with performance-proven 
impact technology. 
for compactness, economy, portability. © Optional: 
red-and-black ribbon cartridge. ¢ Sample price: $150; 
quantity discc unts available. © Developed and manu- 
factured by world-famous SHINSHU-SEIKI (under 
trade name Epson). ¢ Represented and 
backed by C. Itoh Electronics, Inc.—part of 
the 119-year C. Itoh & Co., Ltd. world-wide 
trading organization. Phone or write 

Floyd Makstein... 


¢ Low voltage (24VDC) operation 


New convenience: 
Red-and-black 
ribbon cartridge 
option. 


C. Itoh means 
excellence in printers. 


Call: 213/390-7778, Telex: WU 65-2451. 
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buzzers or piezo ceramics. Count on Citizen for 
reliability, competitive pricing, and immediate 
delivery whenever you need a buzz. 


¢ SMB 1.5, 6, 12, 24 VDC e MMB 1.5 VDC 
e RMB 3, 6, 12, 24 VDC ¢ PCB (Piezo Ceramic) 
¢ IMB (Intermittent)6.12 VDC 1.5-9 VDC, 3-20 VDC 
| © PMB 3, 6, 12, 24 VDC ¢ CB-12A (Transducer) 1.5 VDC 


CITIZEN (323.9 
| a : CORPORATION 
1710 -22nd Street, Santa Monica, California 90404 


(213) 829-3541 TWX: (910) 343-6450 


For more information, Circle No 135 


The printer m 
Teletype” Corporation’s model 40 of which more 
than 50,000 delivered since 1974. The 80 or 132 
column heavy duty chain prints up to six clear 
copies. This quietized printer is plug-to-plug 
compatible with Centronics, Dataproducts, 
current loop, and RS-232C interfaces 
L) 300 LPM, adjustable forms, diagnostics 
CL) Fully formed character sets, OCR, etc. 
ZC Service available from Teletype" Corp. 
LO Installations: DEC, DG, HP, CA, GA, GE, 

Intel, Prime, Wang, SEL, Datapoint, IBM 

Tandem, Microdata, Basic Four, Varian, 

Burroughs, Honeywell, Hazeltine, GRI 
LC $4,240(80) - $4,950(132) Qty. discounts 
LC Delivery: Stock to 30 days 


INNOVATIVE ELECTRONICS INC. 


15200 Northwest 60 Avenue e Miami Lakes, Florida 33014 
(305) 558-1591 Telex: 807121 


For more information, Circle No 136 
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**5 DAY 
+ DELIVERY 


Microcomputer Analog 
1/0 Systems 


FS SSR LN BOO TOE 


For: 
DEC LSI-11 & LSI-11/2 

DEC PDP-11 UNIBUS 

INTEL SBC-80 & NATIONAL BLC-80 
ZILOG MCB Series (2-80) 
MOSTEK/PROLOG STD BUS 
COMPUTER AUTOMATION LSI 2, 3, & 4 


Precise Analog |/0 for any micro. 
Data Translation manufactures the largest 
array Of analog 1/O modules and systems in the 

industry. . 

Standard interfaces for every major micro- 
computer. 

From isolated inputs to extremely high-speed 
inputs. Designed to meet your most stringent 
data acquisition needs in a wide range Of 
measurement and control applications. 


ay reliable systems in only 
5 aays. 

Our goal is to ship the most reliable analog I/O 
systems available anywhere. That's why we go 
to such great lengths to ensure the 
highest reliability. 

Delivery? We doubt that you'll find any 
company faster than Data Translation. 

We assure five-day delivery. When you order 
on Monday, we deliver by the next Monday. 
No excuses. No delays. 


SEND for Full Technical Data or Call us. 
GSA Contract No. GS-00S-64219 


DATA TRANSLATION 


ee PR eS Be ee es 1 
4 Strathmore Rd., Natick MA 01760 
(617) 655-5300 Telex 948474 


For more information, Circle No 137 
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BY POPULAR 
DEMAND! 


MS-215 Dual Trace 
Miniscope 


With Rechargeable 
Batteries & Charger Unit. 


$435 
e 15-megahertz bandwidth. 


e External & internal trigger. 


e Auto or line sync modes. 
e Power usage —<15 W. 

e Battery or line operation. 
@2.9" H x 6.4" W x 8.0” D. 


Non-Linear Systems, Inc. 
Originator of the digital voltmeter. 

Box N, Del Mar, California 92014 

Telephone (714) 755-1134 TWX 910-322-1132 


For more information, Circle No 122 


NEW! toBaT 
€ 


pss eee Geo eat 


: Ly re . De | 


PEELS ELLA IALEL I 
- High Contrast FE0206 
- Wide Viewing Angle 
* Quick Response Time 
Excellent Readability 
Immediate Availability 
- 2.00 X1.20 Glass Package 
¢ Transmissive, Reflective or 
Transflective 
- $11.25 ea. @ 100 piece Quantity 


770 Airport Blvd. 
Burlingame, CA 94010 
(415) 347-9916 | 


For more information, Circle No 140 
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'e . LOrpaigon of mendes lock-in emplitiers 


Brochure compares 
modern lock-in amps 


A 6-pg discussion gives basic lock-in 
amplifier concepts and offers brief 
descriptions of the various types 
available to researchers. The bulletin 
describes the company’s Dynatrac 
concept, along with broad-band 
(flat-signal-channel), synchronous- 
heterodyne, manually-tuned, crystal- 
filter and pulse-width-modulated 
lock-in amplifiers. Listing characteris- 
tics of each technique, the paper 
graphically compares them to the 
theoretical ‘ideal’ lock-in amplifier. 
Ithaco Inc, 735 W Clinton St, Ithaca, 
NY 14850. Circle No 234 


Advantages/applications: 
pm motors and controls 


Fully illustrated, this 86-pg motors and 
controls catalog gives complete 
specs, control definitions, prices, 
dimensions and applications. The 
controls section covers eight devices; 
the motor section includes selection 
charts that list 1/4- to 150-hp motors. 
It also explains the many benefits of 
using permanent-magnet motors over 
shunt-wound types. B & B Motor and 
Control Corp, 96 Spring St, New York, 
NY 10012. Circle No 235 


How to detect 
defective or weak coils 


“Coil and Winding Testing Notebook”’ 
covers small coils and windings, 
transformers, motor armatures and 
stators. The 24-pg brochure discusses 
the nature and causes of variations 
and defects, along with tips on 
practical methods of analyzing fail- 
ures. Also presented are types of test 
equipment and techniques, an analy- 
sis of growler theory and a new 
approach to determining and specify- 
ing surge-test effectiveness. Slaugh- 
ter Co, Box 1805, Ardmore, OK 73401. 

Circle No 236 


Sales Offices 


H Victor Drumm 
Executive Vice President 
and Publisher 

Boston, MA 02116 

(617) 536-7780 | 


NEW YORK CITY 10017 

Bill Segallis, Regional Manager 
205 E 42nd St 

(212) 949-4423 


BOSTON 02116 

Richard Parker, Regional Manager 
Hal Short, Regional Manager 

221 Columbus Ave 

(617) 536-7780 


PHILADELPHIA 19087 

Steve Farkas, Regional Manager 
999 Old Eagle School Rd 
Wayne, PA 19087 

(215) 293-1212 


CHICAGO 60521 
Clayton Ryder, Regional Manager 
Charles Durham, Jr 
Regional Manager 
15 Spinning Wheel Rd 
Hinsdale, IL 60521 ~ 
(312) 654-2390 


CLEVELAND 44115 
Charles Durham, Jr 

Regional Manager 
1621 Euclid Ave 
(216) 696-1800 


DENVER 80206 

John Huff, Regional Manager 
270 St Paul St 

(303) 388-4511 


SAN FRANCISCO 95008 

Hugh R Roome, Vice President, 
Northwest Regional Manager 

Pruneyard Towers : 

1901 S Bascom St, Suite 1100 

Campbell, CA 95008 

(408) 377-6777 


LOS ANGELES 90036 
Ed Schrader, Regional Manager 
Charles J Stillman, Jr 
Regional Manager 
5670 Wilshire Blvd 
(213) 933-9525 


TOKYO 106 JAPAN 
Tomoyuki Inatsuki 
TRADE MEDIA-IBPA (Japan) 
R 212 Azabu Heights 

1-5-10 Roppongi, Minato-ku 
(03) 585-0581 


CAREER OPPORTUNITIES 
Eastern US . 

Nancy Muenchinger 
221 Columbus Ave, Boston, 
MA 02116 (617) 536-7780 


Western US 
Diane Smith 
5670 Wilshire Blvd 

Los Angeles, CA 90036 
(213) 933-9525 
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The Wee-Pac 

A New DC-DC Power Source From Reliability, Inc. 

e Low cost ($3.05 per unit in 1000 quantity) 

e Produces a regulated —12 volts from an input 
ranging from 3-7 volts 

e Can be operated with a 3, 4.5, or 6 volt battery 

e 100% burned-in 

e Small size for efficient board mounting (1.2” x 
51” x .40”) 

Reliability, Inc. 

P.O. Box 37409 

Houston, TX 77036 

TWX 910-881-1739 

713/492-0550 


For more information, Circle No 141 


Literature 


- wenn 


Thermal-shock testing: 
concepts and design 


Bulletin #121J uses specs and 
applications to describe two basic 


LOW-COST FILM CAPACITORS. Type 192P Pacer® 
Capacitors, with polyester-film dielectric and heat- 
shrinkable plastic. sleeve, offer construction that 
saves space and cost. All turns of extended foil 
electrodes terminated’ in metal end caps .. . 
assuring best-possible non-inductive capacitor sec- 
tion. High humidity resistance. Voltage ratings 
from 80 to 600 WVDC. Capacitance values, .0001 
to .39 uF. Write for Bulletin 2066C to Sprague 
Electric Co., 491 Marshall St., North Adams, Mass. 
01247. (413) 664-4411. 


For more information, Circle No 144 


TRACE OSCILLOSCOPE Pushbutton front 
panel X-Y operation; Auto Trigger from 
either Chan; 10mV Sensitivity; Add & Sub- 
tract modes (with Ch-2 invert.); 17.5nSec. 
Rise Time. X5 Magnification. Z-Axis Modu- 
lation. Easy to use, logically grouped con- 
trols. Compact, lightweight. Bright, stable 
display. Model LBO-508, $769.95 with 
probes. 2 year limited warranty. LEADER 
INSTRUMENTS CORP. 151 Dupont Street, 
Plainview, N.Y. 11803 (516) 822-9300. 


For more information, Circle No 142 


thermal-shock units—a 2-station 


HIGH STABILITY LOW COST QUARTZ CRYSTALS 


For microprocessor and clock oscillator applications. 
Accuracy is + 0.002% at 25°C, frequency change 
over —10° to +655°C is within + 20 PPM. Im- 
mediate delivery from stock on all popular fre- 
quencies. 


$1.85 each (min. 100 pcs.): 10 MHz and up in 
HC-18/U case. 
Q-MATIC CORPORATION 
3194-D Airport Loop Dr. 
Costa Mesa, CA. 92626 
(714) 545-8233 TELEX 678389 


For more information, Circle No 143 


model and a 3-station model. The 4-pg 
sheet offers an introduction to 
thermal-shock testing, including how 
to use the company’s testing cham- 
bers in MIL-SPEC programs. The note 
ends with a list of custom-design 
options. Tenney Engineering Inc, 
1090D Springfield Rd, Union, NJ 


education in the theory and practice of 
waveform measurement with oscillo- 
scopes. The three-tape program runs 
76 minutes; the first two tapes detail 
front panel controls, the last address- 
es measurements. Each cassette costs 
$300; large orders are discounted. 
Hewlett-Packard Co, 1507 Page Mill 
Rd, Palo Alto, CA 94304. 


07083. Circle No 237 


Videotapes teach 
oscilloscope use 


A videotape program entitled ‘‘How to 
Use an Oscilloscope’ provides a basic 


DORMEYER 


FREE! 12-PAGE CATALOG ON COMMERCIAL USE 
TRANSFORMERS FROM DORMEYERS’ COACHES 


Quick reference application assistance is provided 
by the new. TC75-A catalog. A wide variety of chan- 
nel frame and bracket mount open coil 120/30VAC 
transformers are described plus Universal mount 
control units with 5, 10, 12, 20, 40 and 55VA 
ratings. Electrical data, load curves and mounting 
data is given on these U/L and CSA listed or 
recognized transformers. 


DORMEYER INDUSTRIES, Division of A.F. Dormeyer 
Mfg. Co., Inc., 3418 N. Milwaukee Ave., Chicago, 
IL. 60641. Phone: (312) 283-4000 


For more information, Circle No.145 


INQUIRE DIRECT 
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JOB SHOPPING? | 


Check EDN’s Career Opportunities 


EDN: Everything Designers Need 


PIN DIODES for LOW DISTORTION performance 
in RF switch and attenuator circuits. Constructed 
with thick I-layer and long carrier lifetime. IN5767 
(3080) and UM9301 for receiver AGC, CATV, and 
other applications requiring low intermodulation 
distortion. UM4300 and UM/7300 for higher power 
transmitter usage requiring low harmonic distortion 
and linear modulation. Avg. power dissipation to 
18W enables power handling over 1KW. For new 
PIN Diode Catalog, contact Unitrode Corp., 580 
Pleasant St., Watertown, MA 02172, (617) 926-0404. 


For more information, Circle No 146 


: — ENGINEERS 
THE BEST & THE BRIGHTEST TO $50,000 


ENGINEERS SCIENTISTS If you are a HW/SW Systems Engineer with experience in 


one of the following areas—call me! 


$1 8-35K Consumer Products 


HW/SW Microprocessors Fire Control 


| know what you want—I was there myself for 25 years as 


e Signal Processing 
The best and the brightest choose P’nB to market them to e Data Communications Navigation 
the best and the brightest companies in the United © Satellite Communications Weapon Systems 
States, — Because I’m an engineer who talks your ee: 
language. e Network Systems Computer Interface 

6 

@ 

& 


a design specialist. systems engineer. project manager. EW/ECM Magienes 

Operations researcher. program manager. | am an Avionics Microwave 

engineer out of M.I.T. many years ago. It was lots of fun e Fiber Optics Radar/Sonar 

and worth every minute of it. So let me find you what you pe 

really want. For starters... Positions range from Management to Junior Engineers on 
: : a national basis with some overseas opportunities. All inter- 

Just send your resume or write me about yourself. ll be view expenses and fees are company paid. Come to one of 

in touch with you about unadvertised positions for the most prestigious search firms in the electronics industry 

degreed engineers, computer scientists, physicists in the and let us help you find the career opportunity you have 

Electronics, Computer and Aerospace Industries. been seeking. | 


YOU are our client. but the 
companies pay all fees and expenses 
Please include present salary. 


Monarch L. Cutler, Chief Executive 


P ’n B CONSULTANTS 


Box 494-4, Wayne, Pa. 19087 
(215) 687-4056 


Please call or send resume to: 
B. Palmer, V.P. Electronics Division 


EEA 


881 Allwood Road 
Clifton, New Jersey 07012 
201-777-6900 


with more challenge | 
and a better place to live 
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positions in the following areas: 


e Digital Systems (Minicomputers, 
Microcomputers, TTL logic as 
controllers) 


Data Acquisition/Numerical Controls 
Data Analysis 


DEC PDP-11/Intel 8080 series 
computer experience desirable 


Complex Hybrid Analog/Digital 
Instrumentation 


e Analog Design 
e Analog Interface Design 


Few other industries can offer the technologi- 
cal challenges we face in the development of 
the world’s most accepted gas turbine aircraft 
engines. Exotic materials, intense temperatures, 
improved performance and durability are just 
a few of the factors requiring creative thinking 


hie You'll find it hard to beat our combination of 
to extend the outer limits of the-state-of-the-art. 


personal challenge and attractive living. For 


The challenges are great; the opportunities 
unequaled for demonstrating capability, earn- 
ing professional recognition and increasing 
responsibilities. 

Living is better, too, with quiet rural areas and 
modern suburbs only minutes away from our 
Connecticut locations. Fine schools and a 
wealth of cultural and recreational facilities 
provide a superior environment for family en- 
joyment and growth. 


If you have a BS or MS in Electrical Engineering 


with 2-8 years of related experience, consider 


immediate information, call toll free 1-800-243- 
3342 (Connecticut Residents 1-565-7440) any 
weekday between 8 a.m. and 5 p.m. Eastern 
Time. Or send your resumé (including salary 
requirements) to Professional Recruitment, 
Office 145, Pratt & Whitney Aircraft Group, East 
Hartford, Conn. 06108. 


PRATT & WHITNEY 9 
AIRCRAFT GROUP 4 


Commercial Products Division 


UNITED 
TECHNOLOGIES 


An Equal Opportunity Employer 
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Electronic Engineers/Technicians 


Gilbarco and Greensboro... 


A great combination for your career! 


We’re Gilbarco, a rapidly growing high technology sub- 
sidiary of Exxon Enterprises Inc. As a _ multi-million 
dollar international manufacturer, we’re known for a 
multitude of products ranging from gasoline dispensing 
equipment to sophisticated microprocessor based data 
systems. 


We offer fast-track opportunities in one of the nation’s 
most attractive locations, the Piedmont area of North 
Carolina. Our four temperate seasons are conducive to 
year ’round recreational and cultural activities. 


Your money goes further in Greensboro, too. We have 
affordable and attractive homes available with easy 
access to work, transportation, and shopping. 


The professionals we are now seeking to add to our 
growing staff include: 


mM Electronic Engineers 


We have openings for senior level EE’s ready to assume 
project responsibilities. You should have four or more 
years experience in microprocessor design (hardware/ 
software), digital logic (TTL, MOS, etc.) analog circuits 
and power supplies, new technologies (displays, data 
transmission, etc.) 


M Electronic Packaging Engineer 


BS in Mechanical Engineering and 4-9 years experience 
in electronic packaging design required; a thorough 
knowledge of drafting techniques and procedures, sheet 
metal operations and plastic housings, and a general 
knowledge of electronics is desirable. Responsibilities 
will include total packaging design, tooling and analysis 
(both thermal and stress). 


m™@ Senior Reliability Engineers 


BSEE and a minimum of 4 years experience in the ap- 
plication of environmental testing techniques to elec- 
tronic products required, as well as the ability to apply 
statistical methods to test results. A background in 
microcircuit theory and application is essential as well 
as excellent written communication skills. Primary re- 
sponsibilities will include environmental test planning 
and supervision for microprocessor-based products, in- 
dependent result analysis and reporting, and supervision 
of laboratory staff. 


Giillbarco 


A wholly owned subsidiary of EXON Enterprises Inc. 


We are an equal opportunity employer 
and invite response from minority 
and female applicants. 
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@ Senior Manufacturing Engineer-Electronics 


We require a’BS in ME, EE, IE or Physics, and a mini- 
mum of 8 years experience in PCB and systems as- 
sembly. Duties will include solving manufacturing pro- 
duction problems and introducing new manufacturing 
methods and processes. 


m@ Field Service Engineer 


Three years experience in servicing of digital electronic 
products and 2 years associate’s degree in electronics 
or equivalent (military training acceptable) is required. 
70% travel is mandatory. 


™@ Buyer-Electronics 


Business degree preferred, minimum of 5 years expe- 
rience in procurement of solid state electronic com- 
ponents, i.e. resistors, |.C.’s, diodes, microprocessors, 
PCB’s, etc. 


— Reliability Test Technician 


ASEE with a minimum of 2 years experience in environ- 
mental testing of electronic products. 


@ EE Technician 


In support of product development. Associate degree 
in EE plus 1 or more years experience in breadboarding 
and troubleshooting microprocessor based electronic 
products. 


@ Product Prototype Technician 


1 to 2 years practical experience in building all phases 
of electronic products preferred. 


@ Quality & Test Technician 


Associate degree required, plus 1 to 2 years experience 
in quality/test/manufacturing environment. 


In addition to a great climate and low cost of living, we 
offer competitive salaries and comprehensive benefits. 
For consideration, please send your resume including 
salary history to: Ms. Gail Payne, Employment Depart- 
ment, Gilbarco, P. O. Box 22087, Greensboro, NC 27420 
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Microcomputer 
Design Courses 


Hardware, software, systems design. You can 
now learn about all aspects of microcomputers 
through EDN’s exclusive design courses. 


NEW 1978 Microcomputer Systems Reference Issue (:20 pases). see eee eee $5.00 


Features: EDN’s 7-chapter ‘‘Software Systems Design Course”’ (a step-by-step tutorial 
for a uC disc operating system), uP Directory, uC Support Chip Directory, uC Board 
Directory. 


1977 Microcomputer Systems Reference Issue (314 pages). ........$4.00 
Microcomputer Design Course (11 chapters, 83 pages).............$4.00 


(Add $1.00 to each of the above for non-USA) 
Buy in combination and save even more 
Any two items — Deduct $1.00 
Any three items — Deduct $2.00 


Payment must be included with your order. Make checks payable to: EDN Reprints 


Send to: uC Reprints/EDN Magazine /291 Columbus Ave./Boston, MA 02116 


Please send: 

copies 1978 uC Systems Reference Issue — $5.00 
copies 1977 uC Systems Reference Issue — $4.00 
copies uC Design Course — $4.00 


Total §$ 


(Non-USA, add $1.00 to each item) 
Check or money order must accompany each order. No COD. MA residents add 5% Sales Tax. 
Send to: 
a ee es Teele 
Company 
Address : 
City 


State Zip Code 
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ELECTRICAL /ELECTRONICS 
MAINTENANCE ENGINEERS 


Responsibilities will include analyzing unique 
maintenance problems with electrical/electronic 
equipment, including troubleshooting, developing 
PM programs, and equipment redesign. 


SEARCH NORTHWEST, INC. 
A Professional Recruiting Agency 
620 S.W. 5th—Suite 825 
PORTLAND, OREGON 97204 


Featured Pacific Northwest Opportunities 
in Microcomputer Systems 


Requires a BSEE or the equivalent and two years 
. maintenance engineering experience. 


*Senior Staff Product Manager 28-42K 
*Staff Engineer-Hardware Systems 25-37.6K 
* Staff Engineer-Hardware Systems 22-33.6K 
*Staff Engineer-Hardware Systems 19-30K 
*Staff Engineer-Hardware Systems 17-26.6K 


Please send resume including salary history to: 


L. W. Poss 


MA01-E | *Manufacturing Engineer 18-30K 
Energy Systems Group *Industrial Engineer 19-30K 
Rockwell International *Packaging Engineer 19-30K 


8900 DeSoto Ave 
Canoga Park, CA 91304 


an 


Equal Opportunity Employer M/F 


Many more openings are available. 


For confidential consideration forward resume or 
phone Keith Nyman (503) 222-6461. 


Rockwell 
International 


All Fees are Employer Paid. 


Maintainability 
Reliability 
omponent Engineers 


Here are some PLUSES you want to consider if TEST PROGRAMS IN ELECTRONIC 

you are thinking of making a job change WARFARE, TELECOMMUNICATIONS 
because you want more career growth, a better AND RF COMMUNICATIONS FOR 

work environment, plenty of opportunity for MILITARY AND INDUSTRIAL SECTORS. 
professional and personal growth, and a chance e SALARIES TO $32,500.00 


ee nee youl Cae eee Plus, AMECOM offers medical/dental/life/ 
disability insurance, stock purchase in Litton 
e EXCELLENT GROWTH OPPORTUNITIES Industries and retirement plans, 100% tuition, as 
ON PROGRAMS THAT RUN WELL INTO well as other liberal fringe benefits. 


THE NEXT DECADE For more information, and to arrange an 


¢ POSITIONS NOW Available At All Levels — —_ immediate interview NOW, call or send your 
Junior — Intermediate — Senior resume including salary history in confidence to: 
e YOU WILL BE WORKING ON STATE-OF- W.L. McAMIS 


(301) 864-5600 
Amecom Division 


LITTON 
SYSTEMS, INC. 


5115 Calvert Rd., College Park, Md. 20740 
An Equal Opportunity Employer M/F/H 


THE-ART DESIGN, DEVELOPMENT, AND 
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We write 
the book. 


For electronic design engineers and engineer- 
ing managers: 

EDN. Exclusive to electronic design engineers 
and managers. 92,000 read EDN 22 times a 
year. That's more than read any other trade 
magazine or newspaper edited for their 
profession. 


For electronic executives and purchasing 
managers: 

ELECTRONIC BUSINESS. Reaches 16,000 
top corporate management and 14,400 pur- 
chasing managers in the electronic and 
computer industries. 


For mini and microcomputer professionals: 


MINI-MICRO SYSTEMS. The only 
monthly magazine devoted entirely to the fast- 
paced mini-microcomputer world. Read by 
82,000 of the most sophisticated people work- 
ing in the minicomputer industry. 


All the above magazines are exclusively for 
the people who need them. Important to the 
people who read them. This is where to adver- 
tise when you want to recruit the best. 


Find out how you can focus your recruitment 
advertising dollar to the exact people you’re 
looking for — with no wasted readership. For 
rates, late closing dates, special issues or 
further information, call or write: 


Nancy Muenchinger 

Recruitment Advertising Manager 
221 Columbus Avenue 

Boston, MA 02116 

(617) 536-7780 


Diane Smith 

Western Regional Manager 
5670 Wilshire Blvd. 

Los Angeles, CA 90036 
(213) 933-9525 
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The openings you'll 
see in our Career 
Opportunities section 
were alive and. 
waiting just 5 days 
before we mailed to 
you! A fresh look at 
who's expanding, 
growing, looking for 
electronic design 
engineers and 
managers. You 
couldn't pick a better 
spot to look. 
Exclusively yours. 
EDN. | 
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ELECTRONICS TECHNICAL 
ASSOCIATE 


The University of Texas 
McDonald Observatory 


McDonald Observatory has an opening for a skilled Research Engineer 
Associate Il. in electronics primarily for maintenance of telescope 
control and drive systems, computers, and computer interfaces and 


peripherals. Troubleshooting and repair of both analog and digital 
circuits is required. Some electronic construction and_ installation 
work is involved. Requires Master’s degree in Electronics Engineering 
and no experience or a Bachelor’s degree and two years related ex- 
perience. Residence at McDonald Observatory is required. Submit 
resumé to C. D. Laughlin, McDonald Observatory, P. O. Box 1337, 
Fort Davis, Texas 79734 or apply: 


Office of Personnel Services 
The University of Texas at Austin 
P. O. Drawer V 
Austin, Texas 78712 


An Equal Opportunity/Affirmative Action Employer 
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We have been placing graduate 


ENGINEERS 


in ALL Technical Fields Send Resume and Salary History today. If 
in FEE PAID you do not have a current resume, request 
positions throughout the our confidential application. 
U.S. since 1959, through our Name 
PERSONALIZED SERVICE. 


Over 1000 client companies rely Address 

on us to provide carefully : 
screened, technical referrals. We City State Zip 

are staffed by experienced ATOMIC PERSONNEL, INC. 


graduate engineers... Suite P-4, 1518 Walnut St. 
WORKING FULL TIME FOR YOU! Philadelphia, Pa. 19102 


AN EMPLOYMENT AGENCY FOR ALL TECHNICAL FIELDS 
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GET RESULTS 


Career Opportunities 
Advertising 
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COUR ACY 


Even a quick glance at the face of 
our new Model 3003 tells you it's no 
ordinary signal generator. 

Right away you can see the 
unique internal and external 
modulation features, such as the 
provision tor complex or 
simultaneous modulations with 
AM-AM, AM-FM or FM-FM. 

The 3003 gives you twice as many 
modulation frequencies as most 
other generators. Besides the 
standard frequencies of 400 Hz and 
| KHz, you can choose and pre-set 
two more frequencies between 
100 Hz and 10 KHz. And like other 
models in the 3000 Series, this one is 


“FREQUENCY 


t- 82 Mids 


VERMIER 


ODUL ATION 


accurate to 0.001% over the entire 

| MHz to 520 MHz range. (We also 

have a unit that goes down to | KHz.) 
But the main thing you'll notice is 

how convenient the Model 3003 is to 

use: internal or external FM 


meter. For extra readability and 
accuracy, you get two AM scales 
and four FM scales. Everything is so 
clearly labeled that learning to 
operate the instrument takes only a 
matter of minutes. 

One thing you can't see on the 
tace of the 3003 is the price. At a low 
$3,390, we're really hiding one of its 
most attractive features. 

Wavetek Indiana, Inc., 

66 N. First Ave., P.O. Box 190, Beech 
Grove, Indiana 46107. Telephone 
(317) 783-3221, TWX 810-341-3226. 


deviation and AM modulation WAVE T= K 
easily set on the big front-panel 


VERNIE® 


VERNIER 


MODEL 3003 


RF OUTPUT 


SIGNAL GER 


- Peridlaince 


is written 
all over our face. 


For more information, Circle No 3 
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SPECIAL REPORT 
OEM Orinters:........6:00 Aas). Gane eee he 68 
As the information explosion increases users’ demands for hard copy, 
higher performance, lower cost printers emerge. 
Use midrange .P equipment to explore 1-chip .Cs. ..................84 
How to use an up-and-running uP system to obtain an inexpensive 
first-pass familiarity with today’s 1-chip computers. 
improved unity-gain follower delivers stable response ............ 93 
Here’s a simple solution to the stability and speed limitations that 
arise when unity-gain followers drive high-capacitance loads. 
Effective uC testing requires careful preplanning .................... 97 
Creating testable microcomputers requires less design effort than 
configuring their random-logic equivalents. 
Analyze active networks without complex manipulations ....109 
This technique reduces calculations to the handling of simple first- 
order poles and resistive voltage-transfer ratios. 
Simple techniques allow fail-safe LSI interfacing ................. 117 
Understanding that LSI-device designers don’t always construct their 
chips the way you design your circuits can prevent problems. 
High JFET gate input resistance serves well — usually ..........125 
Understanding the reasons JFETs exhibit high gate input resistance 
can help you make the most of this useful property. 
DESIGN IDEAS 55. oii ccssoccdSscsccccovessotsgacessicl ete ate eae 155 
= | Circuit detects 2’s-complement overflow ... Remove F/V-converter 
Use an inexpensive P system to gain ripple... Improve current-source performance. | 
first-pass familiarity with today’s 1-chip 
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HP’s new concept in DMM’s 
gives you more time to be creative. 


Free yourself from time-consuming lab-bench measurements 
with HP’s new 3467A Logging Multimeter. 

It is a total measurement station, doing jobs that used to require 
several instruments. The 3467A combines a 4'2-digit DMM, 
four-channel scanner, digital thermometer, math functions, and 
printer with timer in a single instrument. It simplifies setups and 
measurements and gives you a record of data in the units you 
need (°C, dB, etc.) . . . unattended or manually. 

Identify “hot spots.’’ The multi-channel 3467A lets you 
measure temperature changes directly in °C or °F at more than 
one location. And, with its built-in math functions, printer and 
timer, you can get a permanent record of temperature changes 
with respect to time. 

Characterize amplifiers and filters directly in dB. The 
3467A does the work for you. It combines true RMS mea- 
surements to 100 kHz, four inputs, and math functions. The 
3467A will give you dB response directly; and print auto- 


34674 LOGGING MULTIMETER 


HEWLETT T+ PACKARD 


matically at preset time intervals, or manually when you press 
the ‘‘Print’’ button. 

Analyze temperature dependent parameters. Use the 
3467A’s mixed function capability to measure temperature on 
channels 1 and 2 plus voltage or resistance on the remaining 
two channels. Then, using the math functions, you can get direct 
printout of such parameters as amplifier gain vs. temperature. 

Component selection. Sort resistors to desired tolerance 
without a precise reference resistor. Simply select the ohms 
function, enter the reference value as a stored constant and 
measure your resistors. The 3467A calculates and prints out 
tolerance values in A% directly. 

Find out how the new HP 3467A Logging Multimeter, priced 
at $2200*, can make your R&D measurements easier. Your 
local HP field engineer has all the details. Call today. 


* Domestic U.S.A. price only. 


HEWLETT , 


1507 Page Mill Road, Palo Alto, California 94304 


For assistance call: Washington (301) 948-6370, Chicago (312) 
255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282 


For more information, Circle No 4 
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When you need electronic equipment without waiting, 
Leasametric can have it on its way to you in minutes. 


There's no reason to call every one in the 
book when you need electronic test equipment or 
terminals. One phone call to Leasametric can solve 
your equipment problems in minutes. You can 
relax knowing your equipment is on its way to you. 

AUTEX, Leasametric’s nationwide com- 
puterized inventory system, pinpoints the nearest 
regional inventory center that has the equipment 
you need. Within minutes, your order is being 
processed and, in most cases, your equipment will 


Standards and every piece is thoroughly 
calibrated before it goes out the door. Test 

and maintenance facilities are also maintained at 
most of our dozens of local offices across the 
country. When you rent it from Leasametric it 
works! 

Renting from Leasametric also makes good 
economic sense. Theres no capital investment. For 
a modest monthly payment you can be using 
equipment that could never fit in your budget if 
you had to purchase it. 


be in your hands in 24 hours. LG wee 
7%, ° easametric exciusive, 
If its worth having, you know uTExX instantly confirms 
you can rent it from Leasametric.  *auipmentavailability and 


Internal approvals are shortened, too, 
because you can usually rent what you 


starts your order onitsway. * 
Our continuously expanding inven- 
tory includes a $35,000,000 rental 
pool of over 23,000 items from the 
top 500 electronic manufacturers — 
including most of the items in the 
Hewlett-Packard and Tektronix 
catalogs. 

Plus, were the first to get delivery of the 
latest equipment. And, with our enormous buying 
power and resources, chances are good that even if 
it isn't yet in stock we can locate it for you and let 
you relax! 

No small point, the Leasametric name 
means the equipment you rent is in working order 
when we ship it. Our regional maintenance 
laboratories are traceable to the National Bureau of 


need without major corporate approval 
cycles. And, of course, renting 
gives you a chance to use the very 
latest models. You don't have to 
watch a major investment in 

equipment become gradually 

obsolete. You can take advantage 
of the latest technologies — check 
out costly gear without committing 
to one manufacturers hardware. 

When you need it now, don’t wait and don't 
take on the time-wasteful burden of trying to locate 
it yourself. To order, or for our latest rental catalog, 
call one of the relaxing toll free Leasametric 
numbers shown below. Let us get the equipment 
you need on its way to you in minutes! 


Leasametric/ Rent it and relax. 


In the West 


In the Central U.S. 


In the East 


Call 800227-0280 Call 800-323-2513 Call 800-638-4009 


In California, call (415) 574-4441 


In Illinois, call (312) 595-2700 


In Maryland, call (301) 948-9700 


A ‘Trans Union Company 
1164 Triton Drive, Foster City, CA 94404 


For more information, Circle No 5 
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ire-wrapping. 


|computer-controlled 


solderless w 


Manual 


IC wire-wrapping also 


ICa 


tomat 


available. 


Fast, econom 
semi-au 


Custom-molding (from injection and 
compression to pot molding) using 
thermoset, thermoplastic and resilient 
materials. 


SecA 


aaa 


Fiber optic capability includes design 
development and fabrication of con- 
nectors and interconnection systems. 


Computer-controlled wire harness 
and cable forming system cuts produc- 
tion time, test and rework costs up 
to 90%. 


Aichi Sis Siti. 
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At Digital, we think the last thing an 
OEM computer should do is limit your 
options. 

Not just your performance options. 

But your marketing options too. 

That’s why we make computers that 
you can add value to, and then sell virtually 
anywhere. 

They’re available with features like a 
universal power supply that will work from 
any electrical current in the world at the 
flick of a switch. 

We even engineer our products to fit 
into standard sized shipping containers. To 
be handled easily by the fewest number of 
people. Io be assembled quickly by almost 
anyone, without special tools. Ss 

At Digital, our approach has always 
been to give OEMs more than just great . 
product. Just as important are the extra 
quality features, the extra testing that can 
make your design and marketing job easier. 
The software compatibility that can take 
you from micros to 32-bit large-scale com- q 
puters, from one generation tothe next. — | 
The worldwide service capability that can 
be tailored exactly to the way you run your 
business. It’s an approach designed to 
help you meet a wide range of computer 
strategies. 

You probably already know a lot about 
Digital performance. To find out the rest, | 
send for our new brochure, “The Thinking 
Behind the Industry’s Largest Selling Line 
of OEM Computers.” | 

Digital Equipment Corporation, (PK3/ aa 
M-86), Maynard, MA 01754. (617) 493-6253. 
In Europe: 22 av. des Morgines, 1213 Petit- | 
Lancy/Geneva. Tel. 93 33 11. In Canada: | 
Digital Equipment of Canada, Ltd. & | 
We build alot more than performance | | 
into an OEM computer. 
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Buy your 6800 
and we Il put you 


It wont cost you a 
Lincoln penny to get your 
data on the screen. Just 
order your MPU plus one 
or more of the peripherals 
in the AMI 6800 family 
and give us a description 
of your application. We'll 
give you an S68047 Video 
Display Generator for 
every system you buy. 
(Limit: ten per customer.) 

Our VDG _¥3— 
translates your 
digital output — 
into a com- 
posite video display 
on a NTSC standard TV. It interfaces directly with the MPU. 
And, of course, the 6800 itself is much simpler to design with than any other 
8-bit family, requiring fewer parts and less TTL buffering. 

Why were the leading alternate source for the 6800. 

For one thing, we carry the full line (see listing at right). Including 
innovative products like the VDG that we added to the family ourselves. For 
another, we created the Microcomputer Development Center, the most power- 
ful and flexible tool yet invented for programming and debugging your system. 
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system from 
into pictures 


AMI 
free! 


It's built around a floppy disc-based CRT. There's 
also a software-controlled logic analyzer, as well as 
EVK prototyping boards. And weve just added 
PASCAL to our bag of tricks. 

So join the big swing to AMI’s 6800 series, 
and get a free VDG in the bargain. (If youre already 
committed to another microprocessor, welll be glad to 
sell you VDGs for that. They work just fine with 
any 8-bit bus oriented system.) 

Send us the coupon or contact one of these AMI 
distributors: Arrow Electronics; Bowtek Electric Co., 
Ltd.; Century Electronics; Cesco Electronics Ltd.; 
Future Electronics; Intermark Electronics; Kierulff 
Electronics; Parrott Electronics, Inc.; Resistacap; 


R/M Electronics; R.V. Weatherford: ¢ 


26 good reasons why AMI is the 
leading alternate supplier for the 6800: 


CPUs 


S6800 
S68A00 MPU 
S68B00 
S6802 MPU plus on-board clock & RAM 
S6808 MPU plus on-board clock 


PERIPHERALS 


S6821 

S68A21 Peripheral interface adapter 
S68B21 

S6840 

S68A40 | Programmable timer module 
S68B40 

S6850 Asynchronous communications 


S68A50 ¢ Interface adapter 
S68B50 
S6852 Synchronous serial data adapter 


MPU Memories 


S6810 
S68A10 | 128x8 Static RAM 
S68B10 
$6831 16K Static ROM 
S68332 32K Static NUYOS ROM 
S6834 4K EPROM 
S68364 64K ROM 
S6846 2K ROM w. on-board I/O and timer 
S6814/ 

2114 1Kx4StaticRAM 
S6816 2K x8 Static RAM 
Our 6800 is a growing family. Well soon be 


introducing some new members, including the 
56801, 56805, 56809, S6851, S68051 and $6854. 


Yes I’m interested in your free VDG offer. Get in touch right | 


Schweber Electronics; Sterling Elec- | away with complete details and prices so I can place my order. | 


tronics; Western Microtechnology. Name 

Or write to AMI Marketing, ) 

Attn. George Nelson, 6800 Product. | “““"** 
| 


City/State/Zip 


Marketing Manager, 3800 Home- | Phone 

stead Road, Santa Clara CA 95051. | Application 

Phone (408) 246-0330. | 
By making it big on TV, maybe | Please complete coupon 


your next product can go all the way in full and mail to: 


Company 


AMI Marketing, 
to the top. | 3800 Homestead Road 
Santa Clara CA 95051. 


For more information, Circle No 8 LL —— —— —— — — — — 
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Five affordable ways you 
can win more design freedom 
with CHAMP connectors... 


the first family 
of mass termination. 


In mass termination AMP CHAMP | 
Connectors, with their insulation-displacing 
contacts, have always pointed the ways to 
high quality terminations at a lower on-board 
cost. That’s why we have broadened the line 
even more. 


New CHAMP Connectors for ribbon cable 
simplify board to panel transitions by 
allowing mass termination of .050" ribbon 
cable to standard .085" centerline I/O 
interfaces. 


New CHAMP ACTION PIN Connectors and 
AMP panel components give you completely 
solderless backplanes. They’re quick, safe 
and reliable. The unique compliant 
pin prevents damage to plated- 
through holes. You'll like the lower 
production costs. 


New CHAMP right angle pc board 
connectors are the only ones of, — 
their kind available. And mighty 
welcome. Because a mating 
connector can now approach 
parallel to the board. — 


Rounding out the family 
additions are CHAMP 
connectors with metric 
hardware that meet IEEE 
#488; and CHAMP-LOK 
clips, the simple, finger- 
actuated, inexpensive 
accessory that is all the 
locking hardware you will 
ever need. 


AMP CHAMP ACTION PIN Connector 


AMP CHAMP-LOK Connector 


So get the whole story. Call Customer 


The complete CHAMP product line, of 
course, gives you all the advantages of mass 
termination without costly wire preparation. 
All in one stroke. It’s in computers... 
instrumentation...communications—a wide 
range of industries. And remember, wherever 
CHAMP Connectors go AMP technical 
support goes. 


Service at (717) 564-0100. Or 
write AMP Incorporated. 
Harrisburg, PA 17105. 


AMP has a better way... 
he CHAMP-LOK 
Connector 


This simple, inexpensive metal 
clip will let you eliminate the 
need for any other fastening 
hardware. You need no other 
tools but your finger. 


When the connectors are mated 
an audible click is heard and the 
two are locked. To disconnect, 
you simply depress the base 

of the U-shaped clip and peel 
the connectors apart. 

AMP CHAMP-LOK Connectors 
are available in cable-to-cable 
and cable-to-panel configurations. 
They’re quick. They’re 

reliable. They’re a better way. 


AMP, CHAMP, CHAMP-LOK, and ACTION PIN 
are trademarks of AMP Incorporated. 


INCORPORATED 


For more information, Circle No 9 
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8086 System Success. 


Intel delivers EPROMs, RAMs and peripherals you need 
to start building on the Architecture of the Future. 


Intel’s powerful microprocessor, 
the 16-bit 8086, gives designers the 
architectural foundation to create 
a new generation of microcom- 
puter solutions. The success of 

#_ these system designs, though, 
| depends on the performance and 
| availability of compatible 
support components. 

We understood this interdepen- 
dence when, seven years ago, we 
invented the first microcomputer. 
At each step since then, our 
achievements in data memory, 
program memory and peripherals 
have anticipated the demands 
of higher performance micropro- 
cessors. Ioday’s 8086 designs can 
take advantage of our full comple- 
ment of compatible components 
to start building the systems of 
the future without delay. 


Our EPROMS exist to 
support microprocessors 

Key to practical micro- 
computer design is the EPROM. 
We invented these erasable and 
reprogrammable memories to 
make system prototyping faster and 
simpler. Now that the 8086 has ex- 
tended the use of microprocessors 
to more complex data processing, 
the program flexibility of EPROMs 
is more important than ever. 

Two Intel EPROMs, the 2716 
16K and 2732 32K, are ideal de- 
vices for 8086 systems. Both were 
designed with high speed, 5-volt 
microprocessors in mind. And 
they’re the only EPROMs that give 


designers two independent control 
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lines to eliminate the possibility 
of bus contention in multiplexed 
and multiprocessor systems. 


A RAM for every purpose 

Intel delivers a variety of com- 
ponents to meet the data memory 
requirements of 8086 systems. 
Whether you’re working in shared 
or multiple memory environments, 
Intel’s family of 5-volt static RAMs 
gives you a full range of speed 
and power solutions. 


Intel’s 2142 (1K x 4), for 


example, is an ideal RAM for high 


performance systems. Because 

it has the same two-line control 
as our 2716 and 2732 EPROMs, 
the 2142 also simplifies design in 
high throughput, eet 
systems. With 
announced 
second sources, 
the 2142 is the 


new 20-pin 


industry stan- 
dard. In an 
18-pin format, 
Intel delivers 
the industry 
standard 2114, with access times to 
200 ns and the proven performance 
of the most popular 4K RAM ever. 
For even higher speed and lower 


power, use our 2141. It’s the 4K x1 
bit, high performance HMOS 
RAM that has speed versions to 
120ns, operating current as low 

as 40 mA active and standby 
current of 5mA. 


Building on 16-bit architecture 
To get started quickly with 
8086 designs, you can take advan- 

tage of the family of 28 interface 
and control components we’ve de- 
veloped for Intel industry standard 
microprocessors. They include 
intelligent peripheral interfaces for 
keyboard display, communications 
devices and general purpose I/O 
peripherals. Intel controllers give 
you programmable command 

over floppy disks, SDLC/HDLC 
protocol and CRIs. 


Start today 

The surest path to system 
success with the 8086 is to specify 
Intel settee RAMs and 
peripherals. They’re 
all here now. For 
detailed information 
on any of the above 
products, contact 
your local distributor. 
Or write Intel Cor- 
poration, Literature 
Dept., 3065 Bowers Avenue, 
Santa Clara, CA 95051. 


‘delivers. 
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manufacturers. Monopanel is the proven touch 
itch in test and measurement instruments, 
edical apparatus, communications equipment, 
puters and a wide variety of industrial equip- 
t. That’s why more and more manufacturers are 
osing Monopanel touch switches. They know 
t they can rely on Centralab’s 50 years of 
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... Call your Centralab 
Sales Representative 


ALABAMA 
Huntsville 
Cartwright & Bean, Inc. 
(205) 533-3509 
ARIZONA 

Phoenix 
Clemick-Neenan & 
Assoc. 

(602) 279-7649 
CALIFORNIA 

Palo Alto 

Brooks Technical Group 
(415) 328-3232 
Sherman Oaks 
Clemick-Neenan & 
Assoc. 

(213) 990-3150 
Tustin 
Clemick-Neenan & 
Assoc. 

(714) 547-0966 
COLORADO 
Denver 


Electro-Rep. Inc. 

(303) 744-2821 
CONNECTICUT 
Meridian 

Centralab 

(203) 235-0766 

FLORIDA 

Ft. Lauderdale 
Cartwright & Bean, Inc. 
(305) 735-4900 


Orlando 


Cartwright & Bean, Inc. 
(305) 422-4531 

GEORGIA 

Atlanta 

Cartwright & Bean, Inc. 
(404) 255-5262 

HAWAII 


- Honolulu 


Dougherty Enterprises 
(808) 847-4144 
ILLINOIS 

Des Plaines 
Centralab 

(312) 694-4870 
INDIANA 
Indianapolis 

Les M. DeVoe Co. 
(317) 842-3245 
IOWA 

Cedar Rapids 
Jerry Vrbik Co. 
(319) 366-8733 


_ KANSAS 


Shawnee Mission 
Lowell-Kangas & 
Assoc. 

(913) 631-3515 
LOUISIANA 


_ Metairie 


Cartwright & Bean, Inc. 
(504) 834-2350 


_ MARYLAND 


Columbia 
Bresson Assoc. Inc. 
(215) 664-6460 


_ Towson 


Bresson Assoc. Inc. 


(215) 664-6460 


MASSACHUSETTS 
Needham 
Centralab 

(617) 444-4781 
MICHIGAN 
Lathrup Village 
Centralab 

(313) 559-9095 

St. Joseph 
Centralab 


(616) 983-0233 
_ MINNESOTA 


Minneapolis 


— Centralab 
— (612) 831-5212 
MISSISSIPPI 
_ Jackson 
Cartwright & Bean, Inc. 
(601) 981-1368 


MISSOURI 
St. Louis 
Lowell-Kangas & 


Assoc. 

(314) 821-4050 

NEW JERSEY 

Paramus 

Centralab 

(201) 262-6716 

NEW YORK 

Albany 

Reagan/Compar Albany 
(518) 489-7408 

Endwell 
Reagan/Compar Albany 
(607) 723-8743 

Fairport 
Reagan/Compar Albany 
(716) 271-2230 

New Hartford 
Reagan/Compar Albany 
(315) 732-3775 

NORTH CAROLINA 
Charlotte 


Cartwright & Bean, Inc. 


(704) 377-5673 
Raleigh 


Cartwright & Bean, Inc. 


(919) 781-6560 


OHIO 

Cleveland 
Centralab 

(216) 526-1205 
Columbus 
Centralab 

(614) 888-2150 
OREGON 
Portland 
Centralab 

(503) 620-1611 
PENNSYLVANIA 
McMurray 
Centralab 

(412) 941-7440 
Narberth 
Bresson Assoc. Inc. 
(215) 664-6460 
TENNESSEE 
Knoxville 


Cartwright & Bean, Inc. 


(615) 693-7450 
Memphis 


Cartwright & Bean, Inc. 


(901) 276-4442 
TEXAS 

Austin 
Centralab 
(512) 454-9529 
El Paso 
Centralab 
(915) 779-3961 
Farmers Branch 
Centralab 
(214) 243-8791 


VIRGINIA 
Lynchburg 

Bresson Assoc. Inc. 
(215) 664-6460 
WASHINGTON 
Bellevue 

Centralab 

(206) 454-7754 


WISCONSIN 
Milwaukee 

Centralab 

(414) 228-2122 
PUERTO RICO 
Santurce 

E. Franceschini Assoc. 
(809) 726-0225 
CANADA 

BRITISH COLUMBIA 
North Vancaquver 
Arwin Tech Sales Ltd. 
(604) 980-4346 
ONTARIO 


Ajax 
McHugh Electronics 


Ltd. 

(416) 683-1540 
QUEBEC 

Ste. Dorothee Laval 


Harnett Enterprises 
(514) 689-4184 


Conservation 
begins at home 


Dear Editor: 

I read with great interest 
your November 20 news 
story, ‘‘uP-based home- 
control system stands guard 
and manages energy.” I find 
the idea very promising and 
have worked on the task 
myself, but I find Bill 
Mandl’s execution ineffi- 
cient and unsuitable. 

First, I think a $4000 to 
$6000 system cost (including 
installation) is far beyond 
what the average homeown- 
er could afford and far 
beyond justification. 


Mandl’s estimate of saving. 


$400 to $500 each year is also 
hard to believe, even for an 
all-electric home —that 
amounts to 20 to 25 kWhr/ 
day, which does not compare 
with the average home 
power consumption of 15 to 
20 kWhr/day. 

Further, Mandl’s idea of 
saving power by using 
CMOS RAMs is very good, 
but why stop there? Why not 
a total CMOS system? I’ve 
worked on such a system, 
which dissipates less than a 
watt average power, com- 
pared with Mandl’s 30 to 
40W. On a continuous sys- 
tem such as this, those 30 to 
40W become a sizeable elec- 
tric load (almost 1 kWhr/ 
day). 

Thank you, 
David V Campbell 


Figuring out the figure 
Dear Editor: 

I must take exception to 
Dennis Van Dalsen’s article 


on active-filter design (No- 
vember 5, pgs 105-110). While 


the article achieves an intro- 


Signals & Noise 


duction into the realm of 
active filters, certain con- 
cerns severely limit the 


usefulness of the designs 


presented, specifically the 
“equal - component - value” 
(ECV) Sallen-Key circuit 
(Fig 8). | 

The rationalization for 
this circuit was to be able to 
use “‘standard-value capaci- 
tors.” In reality, such capac- 
itors can be used for the first 
circuit of Fig 5 (K=1, C,=2€;) 
by judicious choice of R and 
C values and by using three 
eapacitors of -C;’s value. 
Using one capacitor for C, 
and the remaining two in 
parallel for C, achieves the 
desired result, if standard- 
value capacitors in a 2:1 
ratio cannot be found. 

An examination of the 
sensitivities of the network 
parameters shows that the 
ECV Sallen-Key circuit is 


-less desirable than the cir- 


cult of Fig 5. Using the 
equations from Operational 
Amplifier Design and Appli- 
cations, the sensitivities of 
w, to changes in R,, R,, C, 
and C, are all —1/2 for both 
circuits. Thus, 1% changes 
in component values result 
in —1/2% changes in w,. This 
value is fixed and indepen- 
dent of circuit design, and 
hence is the same for both 
circuits. However, the sensi- 
tivity of a (a=1/Q) to the 
component values and to 
amplifier gain is another 
story. The sensitivities of a 
to the components for both 
circuits are as follows: 
COMPONENT FIG 5 ECV 
0 —0.21 
0 +0.21 
—-0.5....-0.94 
+05: +633 
—41,0 3.4.21 


new 8K 
Static RAM. 


W compatible with ROMs 
and EPROMs. Compatible 
with microprocessors. 
Mostek’s new 8K static RAM 
offers total flexibility for your 
system. Organized as 1Kx8, 
the 4118 is a next generation 
Micro Memory,” available 

‘ today. 


It’s a Micro Memory! 
Designed for 8-bit and 
16-bit systems, the 4118 inter- 
faces directly with all present 
and future generation micro- 
processors. A Chip Select con- 
trol is provided for easy mem- 
ory expansion and decoding, 

and internal latches are 
available to latch the Address 
and Chip Select inputs. If the 
Latch function is not needed, 
it can be easily bypassed. An 
Output Enable control pro- 
vides easy user control of the 


20 


Finall 
Compa 


With Mostek’s 


Seeeeneeeeriesniet 


bus in all bus configurations. 
System design is simplified 
with the MK4118. 


It’s more than common! 
With a pinout common to 
standard 24-pin ROMs, 
PROMs, and EPROMs, the 
4118 still has more. Access 
time is a fast 120ns (max.) and 
power dissipation a low 200 
mW (typ.). The 4118 is the new- 
est addition to our compatible 


© 1979 Mostek Corp. 
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Micro Memory family which 
includes Mostek’s 2716 
EPROM. 


It’s immediately available! 
For byte-wide, memory 
applications requiring density, 
flexibility, and immediate 
availability, Mostek’'s 4118 is 
the one to choose. For the loca- 
tion of your nearest distribu- 
tor, call 214/245-0266, Mostek 
Corporation, 1215 West Crosby 
Road, Carrollton, Texas 75006. 
In Europe contact Mostek Brus- 
sels; phone (32) 02/660.25.68. 


MOSTEK. 


EDN FEBRUARY 20, 1979 


While the sensitivity of a 
with respect to K is relative- 
ly high for both circuits, in 
the case of the circuit of Fig 
9, K is determined by a piece 
of wire and the amplifier 
open-loop gain; there is little 
chance of it changing. In the 
ECV circuit, K is determined 
by two resistors. 

The article also states that 
peaking or damping of the 
ECV circuit can be easily 
adjusted. No mention is 
made of the fact that the 
bandpass gain also changes 
as Q is adjusted—usually 
undesirable in an _ active- 
filter design. 

Also, I believe there are a 
couple of typographical or 
artist errors. The Q for a 
critically damped circuit is 
1/\/2, not V2/2 as statedin the 
article. 

Sincerely, 

John Keller 
Applications Specialist 
Dataproducts Corp 
Woodland Hills, CA 


(E'd Note: Mr Keller is indeed 
correct—1/V/2 isV2/2, not~w/2/2 
as stated, The author’s reply 
follows:) 

Dear Mr Keller: 

I would like to extend a 
hearty thanks for your 
comments on my November 
) article on active filters. 
Your evaluation of the Q 
sensitivity factors and the Q 
vs bandpass gain of the ECV 
Sallen-Key is an excellent 
example of the careful at- 
tention that must be paid 
when selecting an active- 
filter type. 

Clearly, this article will 
not qualify as the last word 
on active-filter design, and 
your inputs support this 
view. | ; 

Unfortunately, most read- 
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ers do not have the exten- 
sive background necessary 
to be classified as experts in 
active filters. It was my 
intention to clear some of 
the fog that normally sur- 
rounds active filters by 
demonstrating their useful- 
ness and simplicity through 


just a few of the nearly 
infinite variety of circuit 
configurations. I hope that I 
have been at least somewhat 
successful in this endeavor. 
Sincerely, 

Dennis Van Dalsen 
Precision Monolithics Inc 
Santa Clara, CA 
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Announcing Split/Tran- 

high isolation at prices 
lower than standard 

PC board transformers. 


“SDE pf I, Split bobbin design makes the difference 
> ks - 2500V RMS HIPOT - NON-CONCENTRIC WINDINGS New from Signal 
pes a) —miiniature PC board transformers with high isolation (2500V RMS HIPOT 


standard) and low capacitive coupling. All this and lower than standard 
transformer prices, too. Split/Tran is available with single 115V or dual 
115/230V primaries. Secondary windings are split, so they can be series or 
parallel connected. Like all our other transformers and chokes, Split/Tran 
is always ready for Pronto delivery. Write or call: Signal Transformer Co., 
'Inc., 500 Bayview Ave., Inwood, N.Y. 11696; Tel. (516) 239-7200. 


50/60 Hz : : : 
1 115/230V 
50/60 Hz 
8 i 8 
TYPE ST TYPE DST 
Ee Sars PC TERMINAL 


NOTE. PINS 2&3 
OMITTED ON SINGLE 
PRIMARY VERSIONS 


CLEARANCE HOLE FOR 
OPTIONAL MTG. SCREW 
AND NUT 


SECONDARY RMS RATING 
Series Parallel 
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Special variations will be quoted and shipped prompfly. 


ST 3-120 | DST 3-120 


ALL 


ST-3 
ST-4 


ALL 


DST-3 
DST-4 
DST-5 
DST-6 


$6.04 
6.18 
6.77 
8.48 


ST-5 
ST-6 


| < 
NNND/QN0OH) OOOO OOOO) Ox 
Se ot tt et 


NET PRICES (1-9 pcs.) 


$7.14 
1.29 
7.96 
‘9.69 
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“STOP ME IF YOU'VE HEARD 
THIS SUGGESTION BEFO .. .” 


Get the message? 


In our November 5 editorial, 
we invited EDN readers to 
comment on the practice by 
some semiconductor manu- 
facturers of announcing new 
products long before they 
are realistically available to 
designers. It seems that 
some readers have encoun- 
tered this situation, and 
they have made their 
thoughts perfectly clear, as 
demonstrated in the follow- 
ing selection of reactions. 

Vendor-availability esti- 
mates are useless (I add 4 to 
12 months). I believe that a 
product is real when my local 
distributor has received sev- 
eral shipments over a 
several-month span. Too 
many products vanish be- 
tween sample and produc- 
tion. 

I believe a vendor’s claims 
when I have a 6-month 
supply of its part on hand— 
preferably from its competi- 
tor, too. Have you ever had 
$5 million worth of product 
sitting waiting for a part? 
It’s no fun! 

As any engineer knows, 
you always multiply delivery 
estimates by wT. 

Never design a component 
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in the field, BUCHANAN PCB 
Connectors provide for better 


They eliminate many possible 

_ sources of costly electrical and 

_ mechanical problems, so you save 
_ significantly on maintenance 
_and service calls. 

In your designs, BUCHANAN 
PCB Connectors satisfy virtually 


needed. ” Boards plug | ie 
_ connectors. Wire leads — solid _ 
_ or stranded, without terminal lugs 
-— are solidly anchored in high- 
pressure tubular-clamp contacts. 
In your equipment, these 


type of mounting, card guides 
and keys, horizontal or vertical 
_ positioning, and many more. 


dreds of dollars per cabinet 
aterial and labor costs 2 


you need the BUCHANAN I/O 
data file. To get it, use the reader 
service card, or call your nearest 
Regional information Center 
(listed below). 


*U.S. Patent No. 3,930,706. 
Other patents pending. 


done pe mechanical nese. 
Experts agree — such operations 
should be a screwdriver job — _ 
neat, quick, and efficient, minus 
dangling leads, twisted cables, 
and awkward soldering or wire- 

- wrapping locations. 


= & DIVISION 


Amerace en Control Products Division, Union, NJ 07083 U.S.A. 
BUCHANAN ® Terminal Blocks, Barrier Strips, & 1/0 Connectors. 
AGASTAT® Time-Delay Relays, Control Relays, & Programmable Switches. 
Regional Information Centers: Santa Fe Springs, CA, (213) 863-5753; 

Elk Grove Village, 1L, (312) 437-8354; Manhasset, NY, (516) 627-8809; 
Atlanta, GA, (404) 261- 1224. 
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performance and higher reliability. 


any requirement: UL Recognition, 


in your Engineering Data Files, 
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into your circuit unless you 
have it in your hot little 
hands. You can’t design on 
promises. 

I always take new-product 
announcements with a grain 
of salt because I have been 
stung by designing-in a part 
that turned out unavailable. 
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Murphy’s Law 

and others 

Dear Editor: 

For some time I have been 
collecting these little tru- 
isms and their various corol- 
laries. I am sure people will 
be able to find several that 
apply to their situations. 


Very truly yours, 
Wiliam D Kraengel, Jr 


PS: I won’t reveal the name 
of my company lest someone 
get the wrong idea. Murphy 
notwithstanding, occasion- 
ally we do get something 
right. 

¢ If there is a possibility 
of several things going 
wrong, the one that will 
go wrong is the one that 
does the most damage. 

« The light at the end of 
the tunnel is the head- 
lamp of an oncoming 
train. 

¢« By making something 
perfectly clear, some- 
one will be confused. 

« Repeatability is the ab- 
solutely consistent re- 
currence of an _ erro- 
neous result. 

« Whatever project you 
set out to do, some 
other project must be 
done first. 

« Every great idea has a 
disadvantage equal to 
or exceeding the great- 
ness of the idea. 

« After major equipment 
has been repaired and 
reassembled, parts will 

be noticed on the floor. 

¢« The more ridiculous, 
stupid and dumb an 
idea” 1s, the> “better 
chance it has of catech- 
ing on. 


Your turn... 
EDN welcomes your com- 
ments, pro or con, on any 
issues raised in the maga- 
zine’s articles. Address 
letters to Signals and 
Noise Editor, EDN, 221 
Columbus Ave, Boston, 
MA 02116. Names will be 
withheld upon request. We 
reserve the right to edit let- 
ters for space and clarity. 
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3870 


Because it takes 32 I/O lines 
to keep her contented. 


3 


* * 


Q “Dairy management is be- 
coming more and more scientific. 
In our automated milking system, 
Mostek’s 3870 controls three displays, 
numerous solenoids, a keyboard, a 
switchbank, valves and motors, and 
also provides a communications link 
to a larger computer.” Mike Wingert, 
Vice-President Engineering, Dairy Systems, Inc. 


Hewlett-Packard: “We use two 3870s in our 
7225A Graphics Plotter because of their low cost, 2K 
ROM memory and interfacing ease. The result is an eco- 
nomical and highly versatile graphics plotter.” 

John Fenoglio, R&D Project Manager 


John Fluke: “The unique timer on Mostek’'s 3870 
provides the one microsecond resolution our 2180A/2190A 
Digital Thermometer needs. The 3870 also replaces 
all digital IC’s while allowing more features.” 
John Lund, Senior Design Engineer 


There are hundreds of applications 
using Mostek’'s 3870 single-chip micro- 
computer. Get information for your 
design by contacting Mostek, 1215 West . ra a 
Crosby Road, Carrollton, Texas 75006; — Th.) ee cece 
phone 214/242-0444. In Europe, contact iiittw- > 


Mostek Brussels; phone 
MOSTEK. 


(32)02/660.25.68. 


© 1979 Mostek Corp. 
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Desi our 
64K eestetin now. 


danstae 


W design now. Start pro- 
duction now. You don't have 
to wait for the 64K RAM. 
Mostek’s new 32K RAM is 
available and offers twice 
the density of 16K RAMs. 
When 64K RAMs are avail- 
able, your 32K system can 
be totally compatible. 


Design in flexibility. 

You can design memory 
systems that interchange 4K, 
16K, 32K and 64K dynamic 
RAMs. The MK433z2, or- 
ganized as 32K x 1, mounts 
two 4116s in leadless chip 
carriers connected to a 
standard 18-pin dual-in-line 
package. The two chips 
share common Address, Data 
In, Data Out, Write Enable 
and power pins. Separate | 
RAS and CAS clocks for each 
4116 are provided for easy 
device selection and control. 
The arrangement of all other 
pins is identical to the indus- 


G 
N 
: 
oe 
= 


try standard 16-pin config- 
uration for 4K and 16K RAMs. 
The pin configuration is also 
compatible with Mostek’s 
soon-to-be-announced 64K 
RAM, the MK4164. 


Design in high performance. 


Access time for the high 
density 4332 is a fast 200ns 
with a cycle time of just 
375ns. Because both 16Ks 
feature an Edge-Activated™ 
selection mode, one chip re- 
mains in standby while the 
other is activated. This 
means the 4332 dissipates 
just 482mW while active and 
40mW during standby. It al- 
lows a + 10% tolerance on all 
power supplies (+ 12V, + 5V). 


Design with confidence. 


With 16K RAMs in high 
volume production, you can 
be certain of 32K RAM 
availability. And alternate 
sourcing will soon be an- 


: 


nounced. You can count on 


Mostek's reliability. Mostek’s 


4116 quality standards set 
the pace for the industry. 
Every 16K RAM we ship is 
thoroughly tested to rigorous 
screens and stresses. With 
the same package dimensions 
as an 18-pin cerdip, the 4332 
is compatible with your 
automatic handling and test 
equipment. 


For more information on 
Mostek’'s 32K RAM, call your 
local Mostek representative 
or 214/245-0266 for location 
of the nearest sales office. 
Mostek Corporation, 1215 W. 
Crosby Road, Carrollton, 
Texas 75006. In Europe, con- 
tact Mostek Brussels; phone 
(32)02/660.25.68. 


MOSTEK. 
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HP has just re-invented — 
the universal counter. 
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Here’ a counter built like no other that HP designed and builds for the 
low cost counter has ever been built! S315A. For the resolution benefits of 
It's the new HP5315A. For versatility reciprocal counting, there’ a 

and speed, it features an architecture microprocessor. 

that closely resembles that used in The result is what we call the 

our highest performance, highest priced __re-invention of the universal counter— 
models. For economy, the design is an innovative, full capability instru- 
implemented by a highly complex, ment with features not often found in 


multi-family, analog/digital LSI chip instruments costing twice as much. 


02825A 


A Full Complement 

of Measurements 

e Frequency/period to 100 MHz 

e Time interval with 100 ns. 
single shot resolution 

e Time interval average to 10 ps. 

e Period average 

e Frequency burst 

e Frequency ratio 

e Electronic and manual totalize 


Count Any Signal 

With full signal conditioning, 
just about any signal can be 
reliably counted. In addition to 
all the expected controls for input 
slope, attenuation and ac/dc 
coupling, there are, for the first 
time, both a sensitivity control 
(best for frequency measure- 
ments) and a trigger level control 
(best for time interval). Plus 
you get two aids for noisy signal 
measurements: a 100 kHz filter 
and a variable, measured time 
interval delay to handle input 
signal ringing or contact bounce. 


You're Never In The Dark 
About Triggering 
Trigger lights are off if the 


trigger level is set too high to count, 


they'll blink when counting 
takes place, and they are fully 
illuminated when the input amp- 
litude is above the trigger level. 


Faster, More Accurate 
Measurements 

Now you can have frequency 
measurements significantly more 
accurate than with conventional 
counters. This is possible be- 
cause the 5315A measures period 
and computes and displays its 
reciprocal— frequency. 

The 5315A gives at least 7-digit 
resolution, (0.0001 %) in 1 second, 
for inputs from 1 Hz to 100 MHz. 
By contrast, in the same time, 


EDN FEBRUARY: 20; 1979 


conventional counters can resolve 
1 kHz to only 0.1% and 10 Hz 

to only 10%. At last, the 5315A‘s 
advanced technology finally 
brings reciprocal counting out of 
the $2000 range. 

And, for higher time base 
stability, HP offers a temperature 
compensated crystal oscillator 
(TCXO) option. 


Continuously Variable 
Gate Times 

Being limited to decade values 
of gate times are a thing of the 
past. The 5315A gives you 
continuous adjustability from 

50 ms. to 10s, and the instrument 

will measure it precisely if you 

wish. This means: 

e You get the resolution you want 
in the most convenient measure- 
ment time. 

e You get automatic selection of 
sample size in period and time 
interval averaging for easy, 
confident trade-offs between 
accuracy and measurement 
time. 

e You get a more stable readout 
for many measurements. 


A Faster, 
More Certain Readout 

Just glance at the big, bright, 
amber LED’ and see how easy 
it is to read and interpret. The 
display is in engineering units— 
a 6 exponent for MHz, —6 
for ys. It thinks the way you do. 


New Confidence in Time 
Interval Measurements 

A new dimension has been 
added to HP-pioneered time 
interval averaging: The 5315A 
internal CPU truncates the dis- 
play to a resolution that is in 
keeping with the accuracy. No 
longer are there the extra, 


HP: MAKING EXPERIENCE COUNT 


BS 22 secre repouenes ever 
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Now look what you 
et for just $800: 


meaningless digits you’ve seen in 
the past. 


Perhaps the Quietest 
Counter Ever 

The 5315A will pass Germanys 
VDE 0871/0875 level A limits 
for electromagnetic compatibility, 
and the metal-cased 5315B will 
pass U.S.A.'s MIL STD 461 
on RFI. Both are excellent for 
RFI sensitive measurements such 
as receiver testing. 


Take It With You : 
The rugged polycarbonate case 

and optional, sealed lead-acid 

battery make it a dependable unit 

for use in both plant and field. 

And LEDs give you full details 

on battery status. 


A Low Price for a 
Lot of Performance 
The 5315A brings you per- 
formance unequalled by any 
counter in its price range, and 
many features not often found in 
counters costing twice as much. 
Price is only $800*; B version 
with metal case is $950*; battery 
option is $225*; TCXO option 
is $100* *Domestic U.S.A. prices only. 
Call your nearby HP field sales 


office or use this publication’s 


reply card for complete data on 
the most advanced counter for 
the money: the re-invented 
universal counter. 


SSS 


HEWLETT pW) PACKARD 
1507 Page Mill Road, Palo Alto, California 94304 


For assistance call: Washington (391) 258-2000, Chicago (312) 
255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282 
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DESIGN BECKMAN DISPLAYS IN. 
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DESIGN PROBLEMS OUT. 
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Screened Image Displays are available now as custom designs or as 
standard products. Hither way, it’s the best, most flexible concept in display 
history for communicating your message in a single-package information dis- 
play that’s both reliable and cost-effective! How do we know? Our customers 
have told us so, repeatedly, about the literally hundreds of custom designs 
we've produced during the past three years. May we build one for you? 


Beckman Displays. 
The Visible Edge. 
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This 7-segment numeric Screened Image Display 
is designed for use in applications requiring display 
of four digits (or, end-stackable multiples of four) 
at viewing distances up to 100 feet. The SP-431 can 
be used in either the Pulsed DC or multiplexed 
mode. Readability is assured by the 2.0-inch digit 
height and by 180 footlamberts of neon-orange 
brightness. Further application of the SP-431 is 
enhanced by a plus and minus symbol in the most 
significant digit; and, a colon between the second 
and third digits. 


SEE i 


AS ane 


The SP-491 is a standard Screened Image 
Display that is ideally suited for point-of-sale 
equipment, instrumentation and electronic games. 
Readability is assured at distances up to 50 feet by 
the 0.7-inch height of the six digits and 210 foot- 
lamberts of brightness. The SP-491 is a 7-segment 
display that is designed for multiplexed operation. 
It offers a wide, 130° angle of visibility; and, has 
a decimal point and comma in five digit positions. 


Here’s a vivid demonstration of the suitability of the Screened Image 
Technology for producing large fields of versatile, 14-segment characters. The 
SP-452 provides 16 characters, each with its own decimal point and comma. 
The half-inch size is ideal for point-of-sale equipment and in other applica- 
tions where large field, alphanumeric capability is needed. The 14-segment 
format makes possible a display set of the ten numerals and the alphabet plus 
special symbols — providing a character set that can be as versatile as you 
want to make it. 


Screened Image Displays. 
The Medium That Fits Your Message. 


For complete details and technical literature about Screened Image Displays, off-the-shelf standards or custom designs, write: 
Display Systems Division, Beckman Instruments, Inc., 350 N. Hayden Rd., Scottsdale, AZ. 85257. Or, call (602) 947-8371. 


BECKMAN 
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CURRENT SENSOR 


F. W. Bell is the single source for all current sensing 
requirements from clamp-on probes to a complete 
digital current meter. 


All are non-contact, so there is no need to disturb the circuit 
or the insulation. All provide complete isolation from the bus. 
All operate with negligible ac and zero dc insertion loss. And 
they eliminate all problems usually associated with shunts, 
such as heat and susceptibility to environment. 

The Bell spectrum of current sensing apparatus includes a 
broad variety of units. Complete technical data can be 
supplied concerning the equipment best suited to your 
needs upon request. Or contact Bell, outlining your proposed 
application and we will be pleased to provide assistance and 
recommendations. : 


A Subsidiary of 
The Arnold Engineering Company 
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TYPICAL APPLICATIONS 


@ Monitoring and control of dc motor cir- 
cuits @ Overload-sensing in dc power 
supplies @ Control of dc motor driven ma- 
chine tools @ Interface to uP and other 
LSI circuits ¢ Replacements for shunts, 
particularly in hostile environments, and 
where isolation is required @ Monitoring 
and control of battery load and charge cir 
cuits @ Current-sensing element in feed- 
back circuits, on interlocks and on dc cir 
cuit breakers @ Process control element in 
dc-operated processes @® Power mea- 

surement in dc power circuits. 


4949 Freeway Drive East Phone: (614) 888-7501 
Columbus, Ohio 43229 TWX: 810-337-2851 
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The invasion of 
the market snatcher 


We admit it. Like many of you, we’re devout IBM watchers. But 
until recently, our activities reflected merely personal interest. 
Because EDN serves the OEM portion of the electronics industry 
and not the large-system, end-user, data-processing market, the 
giant computer maker’s moves haven’t previously affected too 
many of our readers. However, during the past six months the 
competitive situation in the small-computer-systems arena has 
changed significantly, and as a result, our IBM watch is no longer 
an idle diversion—it’s become a deadly serious concern. 

IBM’s significant new product introductions (the 8100 and E 
Series machines, in particular) and its unusually aggressive pricing 
policies (such as the recent 370/303X memory price cut) clearly 
indicate that it has taken direct aim at low-end 370-compatible 
mainframes and—more importantly—at the products and markets served by the traditional small- 
computer manufacturers. And when IBM takes aim, it generally hits its target with a considerable 
impact. 

Alas, technologists miss the point when they scoff at IBM for being overly conservative. They point 
out that many of the firm’s products can be readily upgraded in performance or made smaller, or less 
costly. And they’re correct in this judgement—as the viability of the plug-compatible market shows. 
Nevertheless, in making such a judgement, these technical purists overlook a significant fact: IBM 
designs its products for manufacturability—then superbly markets, services and supports them. 

Consider the example of just one component: IBM’s 64k RAM. True, the chip is large, relatively slow 
and utilizes technology that leading semiconductor houses would consider outdated, if not totally 
obsolete. Nevertheless, this device is the only one of its type currently in volume production. And it’s 
already making an impact on the market by freezing future computer-system orders. 

Is there a bright side to this gloomy picture of the corporate giant preparing to devour the OEM 
computer industry? Fortunately, yes. When IBM blesses a technology, product or idea, sales resistance 
weakens and new opportunities open up to everybody. (The concept of low-cost distributed-processing 
systems is currently getting the biggest boost.) 

Although discussions concerning IBM can go on for days, perhaps we can most usefully summarize 
our insights as follows: 

¢« If you don’t consider IBM a current or potential competitor, perhaps you should rescan your 

horizons. 

¢ Manufacturers of IBM-compatible equipment could soon be forced to rethink their engineering or 

marketing strategies and offer more than just a price advantage to obtain market share. 

« Creative engineers who study IBM’s moves closely can uncover untapped market niches that offer 

the possibility of personal and corporate success. 

But whatever your reactions to IBM or to these viewpoints, if you’re not already a member, welcome 
to the ever-expanding IBM observation/conversation/speculation/analysis club. 


Beh Mtb 


Walt Patstone 


An Award*-Winning Magazine Editor 
1977 Best Contributed Series— 

Software Design Course Our thanks to the many readers who returned the circulation 
1976 Best Special Issue— requalification card included in the November 20, 1978 issue. 
Microprocessor Reference Issue IMPORTANT: If you find a REQUALIFICATION STICKER on the 
1975 Best Staff-Written Series— front cover and a REQUALIFICATION CARD bound into this issue, 
pe eeeesessor Design Series you did not return the earlier requalification card. To continue 
is dina Adivasi receiving EDN, you MUST fill out this card and mail it immediately. 
‘Awards are the business-press Pulitzer We can process only those cards with complete information. Thank 
Prize equivalent. you for your cooperation. 
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This A P power breadboard 
includes a pulse detector, 
complete with memory. 


Our Model 102 POWERACE gives 
you a complete digital prototyping 
lab in one compact package. 

It will detect positive or negative- 
going pulses as short as 10 nano- 
seconds. It has a memory. This, 
combined with its 3 logic indicators, 
gives you a built-in logic probe. 

Like our other power breadboards, 
it has 16 distribution buses of 25 tie- 
points per bus and 1,680 tie-point 
terminals. 


| " 


Its power supply is fixed 5 VDC, 
4 amp. 

Need variable power? Our 
general-purpose POWERACE 104 
has a variable 5-15 VDC 600 ma 
power supply. And POWERACE 103 
gives you @ triple-output power 
supply for prototyping both linear 
and digital circuits: fixed 5 VDC 
750 ma, fixed +15 VDC 250 ma, and 
fixed —15 VDC 250 ma. 

Try one. Call your local A P distri- 
butor. Who’s that? Phone (toll-free) 
800-321-9668 and we’ Il tell you. And 
ask for the complete A P catalog, 
The Faster and Easier Book. 


AP PRODUCTS 


INCORPORATED 


Box 110K « 72 Corwin Drive 
Painesville, Ohio 44077 

Tel. 216/354-2101 

TWX: 810-425-2250 


Faster and Easier is what we're all about. 
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... tS what youd expect from Dale! 


DIP, SIP, flat pack and chip. Dale has more MIL-R-83401: All Dale Mil-qualified networks offer isolated 
ways you can take advantage of thick film resistor schematics commonly used for pull-up, pull-down, 
resistor technology in military applications. balancing and line termination. Both DIP and SIP models also 
Choose the space-saving reliability of our eee one pin common schematics for the same application. 
MSM, SDM or DFMnetworks. All are qualified MSM (RZ040, RZ050) 
to MIL-R-83401 and all are available in your 6 and 8 pin SIP 
choice of isolated resistor or one pin common 
schematics. Order now for shipment from our SDM (RZ010, RZ020) 
stock of popular resistance values. Or use eee pe 

DFM (RZ030) 

14 pin flat pack 


our RC chip resistors to add design flexibility 
to your hybrid circuitry. Being first with the 


Sree ati jeer he aoe mah MIL-R-55342/4: Chip resistors with choice of single side or wrap- 
ways Dale is qualitying to serve you. Ask Tor RCM w=, around terminations. Resistance range: 10 ohms 


our complete catalog of thick film networks. (RM1505) to 1 Megohm. Power: 350 MW. T.C. +200 PPM. 


sentative 


"er Phone 402-371-0080 today. 
/ DALE ELE : STRONICS, INC., Box 74, Norfolk, NE 68701* A subsidiary of The Lionel Corporation 
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We Protect 
Your Reputation 


The hefty power supply module will power two duplicators 


Tests and Duplicates 1 to 16 EPROMS simultaneously. 


Put an end to costly and embarrassing field failures 
caused by marginal EPROMS with the first Produc- 
tion Duplicator that “tests’’» your EPROMS both 
before and after programming! 


Whether you are programming 1 or 100 EPROMS 
a day, you can’t afford a marginal EPROM in your 
end product. OAE’s new Programmer includes an 
exclusive set of ‘‘test’’ routines designed to detect 
poorly erased or static damaged EPROMS which 
would otherwise pass a Verify test. 


And it’s so easy to use — simply touch the AUTO 
PROG key and the UPP-2700 will automatically 
test and program 1 to 16 EPROMS. Or, use the 
other 15 keys to access the individual test routines. 


A small 40 pin Personality Module contains the 
test and programming algorithms for a specific 
generic EPROM family. This open-ended design 
does not limit the UPP-2700 to current or ‘‘pro- 
jected” EPROMS. Personality Modules are cur- 
rently available to handle all of the following 
EPROMS: : 


PM-1: 2704, 2708, 27L08; PM-2: TMS-2716; PM-3: 
12758, 12716, TMS-2516; PM-4: TMS-2532. 


simultaneously. Load one unit while the other is duplicating. 


The UPP-2700 could pay for itself in its first week 
of operation. Can you afford to be without it? 


Protect your profits ... Call us today! 


UPP-2700 PROGRAMMING SYSTEM includes pow- 
er supply and one Personality Module (please 


Specify) .......... =... += +. $2450.00 
Second UPP-2700 Programmer (please specify 
Personality Module)... =.=... sit $1995.00 
For more information, Circle No 24 

Oo 

= 


Oliver Advanced Engineering Division 
676 West Wilson Avenue 


Glendale + Ca. -91203 
(213) 242-0080 


DPW’S that light up — 
your life... and for less. 


Getting to know 
the Z80 


280 Microcomputer Hand- 
book, by William Barden Jr, 
Development Labs Inc, Santa 
Monica, CA. 304 pgs; $8.95 
softbound; Howard W Sams & 
Co Inc, Indianapolis, IN, 1978. 

A cross between a refer- 
ence work and how-to-use-it 
book, this handbook provides 
an agreeable introduction to 
the Z80 wP. Although it 
doesn’t contain everything 
you need to know, it gives a 
thorough, if general, treat- 
ment of the device’s archi- 
tecture. The sections on 
software and Z80-based uCs, 
however, could have been 
better spent in presenting 
more detail on topics covered 
in the first section. 

The book’s segmented or- 
ganization suits easy refer- 
ence, which proves helpful 
when using it as a supple- 
ment to existing system 
documentation, but unfortu- 
nately also disturbs the 
continuity of the overall 
discussion. Within each top- 
ic, however, each discussion 
evolves logically from a 
general viewpoint to a more 
specific analysis pertaining 
to the Z80. 

Thus, much of the infor- 
mation supplied in the hand- 
book is not only applicable to 
the Z80 wP; the work also 

serves as an introduction to 
uPs in general.—Edward R 
Teja 


GRAaLEX 


Bowe BrR? 


For more information, Circle No 25 


STAND ALONE MAG-TAPE 
RECORDER RS-232 OR 
CURRENT LOOP COMPATIBLE 


The Model 300C Data Cartridge Recorder is an ideal companion 
to remotely located data loggers or other data gathering devices 
employing RS-232 or current loop outputs. Stores over 2 million 
characters and can function in write or read mode. Speeds from 
110 thru 19,200 baud. Features include auto-answer, remote or 
manual control, search and baud rate converter, plus many more. 


JOB SHOPPING? For further information contact 


Check EDN’s Career Opportunities 


COLUMBIA 


6655 Amberton Drive ® Baltimore, MD 21227 
301/796-2300 @ TWX: 710-862-1949 


EDN: Everything Designers Need 


asa For more jidemiaton. Circle 26 
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Leadtime Index 


ACTIVE COMPONENTS 


PRODUCT PRODUCT 
DISCRETE SEMICONDUCTORS MEMORY CIRCUITS 
Diode, switching CCD 
Rectifier, low-power EPROM 
Rectifier, power PROM, bipolar 
Regulator, zener RAM, bipolar 
Thyristor, low-power RAM, CMOS 


Thyristor, power RAM, 4k MOS dynamic 


Transistor, bipolar power 
Transistor, bipolar signal 
Transistor, field-effect 
Transistor, RF power 


RAM, 16k MOS dynamic 
RAM, 1k MOS static 
RAM, 4k MOS static 
ROM, masked MOS 


Shift register 


DISPLAYS 


Electromechanical METERS 

Fluorescent Analog panel 

Gas-discharge Digital panel 

Incandescent MICROCOMPUTER/MEMORY SYSTEMS 
LED are 


Core memory board 
IC memory board 
Interface board 
Microcomputer board 


MICROPROCESSOR IC’S 
CPU, bipolar bit slice 
CPU, 8-bit MOS 
CPU, 16-bit MOS 
Peripheral chip 


OPTOELECTRONIC DEVICES 


Coupler and isolator 
Discrete light-emitting diode 


PACKAGED FUNCTIONS 


Amplifier, instrumentation 
Amplifier, operational 
Amplifier, sample/hold 
Converter, analog/digital 
Converter, digital/analog 


POWER SUPPLIES 


Custom 

Enclosed modular 
Open-frame module 
Printed circuit 


Liquid crystal 
Plasma panel 


ELECTRON TUBES 
CRT, black and white TV 
CRT, color TV 
CRT, industrial 
Industrial power 
Light and image sensing 
Microwave power 


INTEGRATED CIRCUITS, DIGITAL 
CMOS 
Diode transistor logic (DTL) 
Emitter-coupled logic (ECL) 


Standard TTL 
Schottky TTL 


INTEGRATED CIRCUITS, LINEAR 


Communications circuit 
Data converter 
Interface circuit 
Operational amplifier 
Timing circuit 

Voltage regulator 


Leadtimes are based on recent figures supplied to Electronic Business magazine by a composite group of 
major manufacturers and OEMs. They represent the typical times necessary to allocate manufacturing 


capacity to build and ship a medium-sized order for a moderately popular item. Trends represent changes 
expected for next month. 
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This toll-free number 
speeds Tektronix 
product informa- 
tion to you. 


Waiting for 
weeks to re- 
ceive prod- 
uct informa- 


demonstration requests by dialing 
our new toll-free number: 800/547- 
1512 (Oregon residents call collect: 
644-9051). Your call is answered au- 
tomatically. Just answer a short se- 
quence of simple, pre-recorded 
questions, and the informa- 
tion you need will be in the 

mail to your personal at- 

tention within 48 hours. 


tion has be- Or, you can request a 
come a demonstration. A Tektronix 
custom in Sales Engineer from the 
the elec- nearest of our 


46 U.S. Field Of- 
fices will contact 
you. Of course, 
youre still welcome 
to use the reader serv- 
ice card for informa- 
tion or a dem- 


tronics industry. You circle 
a number on a reader serv- 
ice card and mail it to a 
publication. Then, 6-12 
weeks later, the mate- 
rial arrives. 

In many cases, a Six 


f 


week wait iS ac- onstration. 
ceptable. But But with our 
more often, you new toll-free 
need information answering 


sooner. Io evaluate 
specs. Plan a proj- have the op- 
ect. Solicit a bid. tion of getting 
Well, Tektronix has done something to cut Tektronix information in your hands in 
the waiting time. Now you can get faster 6-12 days, instead of 6-12 weeks. That’s 
turn-around on Tektronix literature or Tektronix service. Give it a try. 


service, you 


Tektronix 


COMMITTED TO EXCELLENCE 
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Panasonic electrosensitive 
alphanumeric printers. 


When your’re this small, 
you don’t have to 

make a lot of noise 
about your low price. 


Print in silence and print at low cost with our electro- 
sensitive alphanumeric-plus printer Model EUY-10E. 
Naturally, you'll like the price. But that’s not the 
major benefit. 
__ It isn’t even the fact that the package is small 
— (4.33"Lx3.5"Wx1.5"H). That makes it great in tight 
applications like POS cash registers, electronic cal- 
culators, data loggers, home computers and general 
peripherals—anywhere, in fact, where inexpensive 
rd copy is required. 
The real achievement was to pack so much 
1aracter-forming flexibility in that tiny space. We did — 
t, with a 5x 7-dot matrix that prints up to 128 different 
characters or symbols (including a full ASCII character 
set) on either 15, 21, 32 or 40 characters per line at just 
530 msec per line with legibility that’s sharp and clear. 
There are two versions to choose from, each with 
reliability designed-in by eliminating all moving parts 
except the print head and the paper. 
To make it easier for you to get rid of noise, bulk 
and big price tags, we’ve also made the EUY-10E easy 
to talk to. For quick microprocessor compatibility, _ 
we supply a 4-bit 1-chip microcomputer on a pre- 
programmed plug-in board that meets a variety of 
interfacing requirements, including that 128-strong 
variety of character formations. 
For specifics on how beautiful small can be, write 
for information and prices to: Panasonic Electronic 
Components, One Panasonic Way, Secaucus, 
_NJ 07094; or call (201) 348-7282/7289 


ee ihe ER 


Boar 


Panasonic. 


just slightly ahead of our time 


For more information, Circle No 27 
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every time. (US Air Force photo) 


Joan Morrow, 
Editorial Assistant 


Producing fault-free soft- 
ware apparently les just 
beyond the grasp of anyone 
trying to whip wayward code 
into line; achieving this goal 
would require that software 
be mass produced and sub- 
jected to testing disciplines 
now available only to hard- 
ware designers. But a De- 
partment of Defense (DOD) 
initiative scheduled for Con- 
gressional approval this 
summer aims at overcoming 
software barriers to -prog- 
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ress in system design, and it 
could signal the end of the 
software craft as program- 
mers know it today. 

Software’s inability to 
keep up with the rapid pace 
of hardware innovation has 
resulted in its accounting for 
70 to 90% of anew computer 
system’s cost, according to 
DOD estimates. Traditional 
industry methods of hand- 
ling this problem include 
bypassing software com- 
pletely in system design. 

As an example of the 
current software bottleneck, 
note that while quality- 


control procedures yield 
high levels of user accept- 
ability, the DOD has docu- 
mented data showing an 
average error rate of one 
error for every 300 instruc- 
tions in tested systems. 


What price reliability? 
Acceptability thus does 
not always imply reliability, 
and that is the DOD’s major 
software constraint. The ini- 
tiative’s founder and chief 
backer, Ruth M Davis, Depu- 
ty Under Secretary of De- 
fense for Research and 
Engineering, claims it “will 
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a 
as 


INTERNATIONAL’S 


CRYSTAL 
OSCILLATOR 
ELEMENTS 


A Complete Controlled Signal Source 
from 6000 KHz to 60 MHz 


The MOE series is designed for direct 
plug-in to a standard dip socket. The 
miniature oscillator element is a com- 
plete source, crystal controlled, in an 
integrated circuit 14 pin dual-in-line 
package with a height of 1% inch. 


Oscillators are grouped by frequency and 
temperature stability thus giving the user 
a selection of the overall accuracy 
desired. Operating voltage 6 vdc. Output 
wave shape — non sine. 


MOE-5 
Crystal Range 
6000 KHz to 60 MHz 
OVERALL ACCURACY 
+.002% -10° to + 60°C 
25°C Tolerance 
Zero Trimmer 
$35.00 


MOE-10 
Crystal Range 
6000 KHz to 60 MHz 
Overall Accuracy 
+.0005% -10° to 60°C 
25°C Tolerance 
Zero Trimmer 
$50.00 


International Crystal Manufacturing Company, Inc. 
10 North Lee, Oklahoma City, Oklahoma 73102 


For more information, Circle No 28 
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Dr Ruth M Davis, Deputy Under 
Secretary of Defense for Research and 
Engineering, intends to subject com- 
puter software to the same rigorous 
standards required of hardware design. 


produce significant and 
needed improvements for 
the surer application of 
computers—the single most 
important tool of our time.” 

In a presentation at MIT 
last fall, Davis stated that 
the DOD’s first priority is 
software reliability through- 
out a system’s lifetime, with 
performance a close second. 
In contrast, the nonmilitary 
user usually looks for the 
least expensive product, 
then checks out its perform- 
ance and reliability. But 
because the DOD must aim 
for superior weapon per- 
formance, reliability often 
suffers with increased weap- 
on complexity. 


Price wars 


Cost has continually been 
an indicator of software- 
dependent problems. Davis 
estimates that $50 million 
could be saved each year if a 
programmer’s daily output 
of 10 lines of code (the same 
average output as in the 
1950s) were increased to just 
11 lines/day. Similarly, re- 
ducing software test and 


verification time by 1 man- 
day each month would 
amount to a $75 million DOD 
Savings yearly. 

Even though the DOD 
spends at least $3 billion a 
year for the development of 
new computer software, 
Davis finds reliability inade- 
quate for DOD applications. 


No second chances 


Current software stan- 
dards simply do not guaran- 
tee devices that conform to 
the DOD’s reliability and 
performance specifications. 
These stringent specifica- 
tions apply to systems that 
often operate in uncon- 
trolled environments and 
are often expendable; such 
systems require extremely 
compact hardware and soft- 
ware that must remain bug 
free and protected from 
undocumented change. 
Some devices, such as guided 
missiles, must work the first 
time, leaving no margin at 
all for error. 

Davis contends that the 
software industry is now 
unprepared, to meet the 
military’s needs. The indus- 
try’s emphasis has been on 
general-purpose, multifunc- 
tion computer systems, but 
the DOD wants to develop 
fault-free software in real- 
time computer systems for 
few-function applications. 

Davis plans to exploit 
‘‘solid-state software’’ 
(ROM-based code) for the 
DOD’s applications. The ad- 
vantages are obvious: immu- 
nity to uncontrolled change 
and easy replaceability. In 
addition, because of the 
nature of ROM-based soft- 
ware, producers would have 
to achieve satisfactory reli- 
ability and performance. 

Another phase of Davis’ 
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If youre looking: - 
for alow profile... 


You need something greater board spacing less blocking of air cir- One final surprise. 
other than the typical and other design culation and, therefore, DIPGuards aren’t 
radial leaded capacitor. inefficiencies. far more efficient cool- expensive. — 
And that means that DIPGuard, on the ing throughout the 
AY. enew dual-in-line — ———_______» system. SE 
DIPGuard® ceramic pe ee DIPGuards offer (4 

another significant 


capacitor is exactly 5 3 


what you’ve been > advantage. Because In volume 
looking for. -—V they have the same orders, they cost less 
The typical rad- height and same lead than the high-rise 
ial capacitor is about spacing as the IC radials that they replace. 
twice the height packages that you Contact your local 
above the circuit other hand, has the insert automatically, AVX representative 
_ board as the IC package same seated height as you can expect or distributor. 
“tis protecting. But at the IC package,amere — lower circuit board Don’t put up with any 
that height, it’s also 0.175 inches. There’s far assembly cost. more hot air. 


- blocking the flow of 
cooling air. This leads to 7 | | ‘ 
component failures. Or, QO QO QO : 
_ it requires you to in- 
crease fan capacity, @ @ @ © 


Qe wCERAMICS 


AVX Ceramics, P.O. Box 867, Myrtle Beach, SC 29577 (808) 448-9411 
TWX: 810-661-2252; Olean, NY 14760 (716) 372-6611 TWX: 510-245-2815 
AVX Limited, Aldershot, Hampshire, GU12 4RG England, Tel: Aldershot (0252) 312131 Telex: 858473 


F inf tion, Circle No 29 
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software initiative would 
introduce “more mathemati- 
eal rigor in defining system 
functions. These parameters 
would be translated into 


algorithms for implementa- 
tion and functional fidelity 
checks.” The proposal would 
accomplish what she calls 
“the test of software ac- 


ecountability”: A computer 


system must perform its — 


intended functions and not 
perform any unintended 
ones. 

She believes a DOD collab- 
oration with the industrial 
and academic communities 
will facilitate the use of 
automatic programming for 
chip design and test, leading 
to less expensive, reliable 


‘ean be 


ROM-based software. 

-]f the DOD’s initiative 
motivates -the software in- 
dustry to investigate other 
applications besides those in 
general-purpose systems, 
Davis maintains software’s 
current military deficiencies 
eliminated — to 


the benefit of all computer 
EDN 


users. 


Small, lightweight oscilloscopes 
take the heft out of measurements 


Andy Santoni, 
West Coast Editor 


Nowadays, you don’t have to 
lug around a 30-lb instru- 
ment every time you require 
an oscilloscope; there are a 
number of miniscopes on the 
market—each weighing 15 
Ibs or less (some even less 
than 4 lbs)—that fit into a 
briefcase. And you don’t 
have to make extensive 
compromises on features or 
accuracy to gain portability. 
You can choose miniscopes 
with bandwidths as wide as 
35 MHz—some with built-in 
digital multimeters' or 
DMM/counters—or select in- 
struments with storage. 
The newest miniscope— 
Ballantine’s Model 1022— 
has most of the features of 
standard oscilloscopes in its 
price range (about $900), but 
it weighs only 4 lbs and 
dissipates only 10W. To a 
large extent, explains design 
leader Ed Marrie, the unit’s 
low power dissipation re- 
sults from the use of a 
pulse - width - modulated 
switching power supply and 


An extremely compact DMM/scope 
combination, Tektronix’s Model 213 
displays resistance, current and volt- 
age measurements on a digital 
readout and also shows current and 
voltage measurements on its CRT 
screen. 
an “old-fashioned” CRT—a 
short, curved-face unit with 
one 1-kV accelerating volt- 
age, rather than the flat- 
faced, dual-accelerated units 
used in most modern scopes. 
This 3-in. CRT delivers a 
bright, distortion-free trace 
without corona, although its 
beam current must be ten 
times that of 3-kV_ tubes. 
While. at's inherently 
insensitive—requiring high- 


Counter, DMM and 35-MHz oscillo- 
scope are integrated into a single 
14-lb package in Vu-Data’s Model 
PS935/975. The instrument costs less 
than $2000. 


er gain in the vertical, 
horizontal and blanking 
circuits—it offers the added 
advantage of a thin glass 
face, so a 4x5-em graticule 
can be screened on the 
outside, limiting parallax 
error without the added 
cost of an internal graticule. 

Bandwidth on the 1022 is 
better than 10 MHz; rise 
time, less than 30 nsec. 
Sensitivity ranges from 5 
mV/div to 2V/div. Both the 
2-channel 1022 and its 
single-channel Model 1021 
cousin (costing about $150 
less) are housed in a shielded 
plastic cabinet’ sealed 
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Centronics. 
-TheBand 


We’re the leading OEM supplier of band 
printers. Over 100 OEM’s have selected 
Centronics’ 6000 Series Band Printers for use 
with their computer systems. That makes us 
the world’s biggest supplier of band printers 
to the OEM market. : 

You can’t beat the band for value. The rea- 
son we're the band leader is simple. In a word, 
its value. Centronics’ band printers cost up 
to 40% less than comparable printers. Yet they 
offer immediate availability, unsurpassed re- 
liability, simple serviceability and over 85% 
spare parts commonality. 

End users are hopping on our bandwagon. 
Another reason we're so big with OEM’s is 


Leader. 


customer choice. More and more end users 
select the Centronics’ 6000 Series Band 
Printers for their systems. Small wonder, 
really. Centronics’ 6000 Series Band Printers 
are unmatched for operational flexibility, print 
quality, upward compatibility, easy economical 
operation. And, Centronics offers more ser- 
vice capability worldwide than any other 
printer manufacturer. 

Strike up the band. Price. Performance. 
Availability. And service. ‘That's a combina- 
tion that’s hard to beat. Isn’t it time you joined 
the bandwagon? For information, write or call: 
Centronics Data Computer Corp., Hudson, NH 
03051, (603) 883-0111. 


CENTRONICS 
The Band Leader 


For more information, Circle No 30 
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against dust, dirt, oil and 
splashes. 


Single- or dual-trace models 


Tektronix offers a line of 
four miniscopes: single- and 
dual-trace models, a storage 
scope and a DMM/scope. The 
single-trace instrument, 
Model 221, provides a 5-MHz 
bandwidth and vertical sen- 
sitivities ranging from 5 
mV/div to 100V/div. Priced 
at $995, this 3-1/2-lb unit 
includes an integral 1-MQ 
probe and an internal batte- 
ry that powers the scope for 
3 hrs on one charge. The 221 
even retains such large- 
scope features as X-Y opera- 
tion and internal graticule. 

If you often must compare 
two signals, you might 
choose Tektronix’s dual- 
trace Model 212. Selling for 
$1080, this unit offers a 
fairly lmited bandwidth— 
500 kHz for the 10-mV/div to 
50V/div ranges and 100 kHz 
at 1 mV/div—but it does 
include features such as a 
pilot-light battery-charge in- 
dicator that extinguishes 
when the scope has about 10 
min worth of operating 
power remaining in the 
batteries. 

You can also obtain a 
storage version of the 212— 
in Tektronix’s $1520 Model 
214. This scope’s bistable 
storage tube offers an 80- 
div/msec writing speed, with 
an enhanced mode that 
automatically increases 
single-sweep storage writing 
speed to 500 div/msec when 
you select a resolution set- 
ting between 0.1 msec/div 
and 5 pusec/div. 

For the same price, Tek- 
tronix’s Model 213 scope/ 
DMM sports a 1-MHz band- 
width for deflection factors 
between 20 mV/div and 100 


A dual-trace miniscope for $435, Non-Linear Systems’ MS-215 responds at up to 


15 MHz, but with limited accuracy. 


V/div, decreasing to 400 kHz 
for the 5- to 10-mV/div 
ranges. In addition, the 
scope displays current wave- 
forms at frequencies up to 
400 kHz for 20-wA/div to 
100-mA/div deflection fac- 
tors, decreasing to 200 kHz 
for 5- and 10-wA/div resolu- 
tion settings. The unit’s 
DMM provides true-rms 
measurements of voltage 
and current as well as 
measuring resistance—with 
3-1/2-digit readings dis- 
played on the scope’s screen; 
DMM accuracy is +0.1% of 
reading+1 count when mea- 
suring 1V de FS. 


Measure frequency, too 


Just as a built-in DMM 
facilitates and simplifies 
measurements associated 
with a scope’s vertical scale, 
an on-board counter enables 
measurement of frequency 
without interpreting inter- 
vals on the horizontal axis. 


With this advantage in 


mind, Vu-Data offers a 
piggyback DMM/counter op- 
tion, Model 975A, on two of 
its miniscopes: the 20-MHz, 
single-trace Model PS915A 
and the 35-MHz, dual-trace 
Model PS935. 

The 975A’s multimeter 
furnishes ac and de voltage 


ranges from 2 to 1000V and 
resistance ranges from 2 to 
2000 kQ. It provides auto- 
matic upranging at a display 
of 1999 and downranging at 
0100. The device’s accuracy 
is within 0.5% of reading+1 
digit on de and ohms scales, 
and within 0.5% of read- 
ing+5 digits on ac ranges. 

In Auxiliary DMM mode, 
the meter measures signals 
applied at the DMM termi- 
nals, while in Scope mode, 
the scope indicates signal 
voltage on channel 1. The 
on-board counter measures 
frequency with full-scale 
ranges from 9.999 kHz to 50 
MHz; you select the required 
range manually. 

Vu-Data’s PS935 scope 
features 35-MHz bandwidth 
with a rise time less than 10 
nsec and deflection factors 
ranging from 5 mV/div to 10 
V/div. You can select either 
Alternate, Chopped or Add 
mode. The scope also pro- 
vides a 100-nsec input delay 
line so you can see a signal’s 
leading edge. The PS935 
costs $1945 with the DMM/ 
counter and $1545 without. 

For a lower price ($1395) 
Vu-Data offers the 20-MHz, 
single-trace Model PS915A 
with the 975A DMM/ 
counter; the lower priced 
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scope alone costs $970. Like 
the PS935, this instrument 
operates from external ac or 
de sources, as well as from 
an optional battery pack; 
recharging circuitry is built 
into the chassis. 

Vu-Data also manufac- 
tures two dual-trace, 20- 
MHz miniscopes: the 
PS941B at $1245 and the 
PS943B—which includes a 
horizontal input—at $1295. 


Spend less money 

If you’re concerned about 
cost, Non-Linear Systems’ 
single-trace Model MS-15 
(priced at $318) and dual- 
trace Model MS-215 (costing 
$435) qualify as the lowest 
priced miniscopes surveyed. 
These units provide external 


Miniscope manufacturers 


information Retrieval Service card. 


Ballantine Laboratories Inc 
Box 97 > 

Boonton, NJ 07005 

(201) 335-0900 

Circle No 445 


For more information on the products described in this article, contact 
these manufacturers directly or circle the appropriate numbers on the 


Dumont Oscilloscope Laboratories Inc 
40 Fairfield Pl 

West Caldwell, NJ 07006 

(201) 575-8670 

Circle No 446 


horizontal facilities and a 
bandwidth rated at 15 MHz. 

The bandwidth specifica- 
tion, however, is measured 
at 6 dB down (instead of the 
traditional 3 dB) and with 
1-div deflection (instead of 
the conventional  full- 
screen). The 38-dB point 
occurs at 8 MHz with 2-div 
deflection; 2 MHz is the 
typical maximum frequency 
for a full-scale deflection of 4 
div. 

These NLS miniscopes op- 
erate for about 3 hrs from 
three sealed lead-acid cells 
before requiring a recharge 
from built-in circuitry. They 
also operate continuously 
from 115V-ac sources when 
connected via plug-in trans- 
formers. 


Non-Linear Systems Inc 
533 Stevens Ave 

Solana Beach, CA 92014 
(714) 755-1134 

Circle No 447 


These capabilities are not 
unique, however. Dumont 
Oscilloscope Labs’ two 
miniscope models also offer 
internal rechargeable bat- 
teries and external ac/de 
converters. The $540 Model 
6010 and the $500 Model 6110 
both offer 10-MHz band- 
width (at 3 dB down and 
full-scale deflection) and 
provide pulse rise times less 
than 35 nsec and overshoot 
or preswing specified at 
under 3%. In addition, both 
units furnish vertical ranges 
from 10 mV/div to 5V/div 
and horizontal sweep ranges 
extending from 0.1 pwsec/div 
to 5 mseec/div; the 6010 
includes both line and field 
TV syne. EDN 


Vu-Data Corp 

7170 Convoy Ct 

San Diego, CA 92111 
(714) 279-6572 
Circle No 449 


Box 500 


Tektronix Inc 


Beaverton, OR 97077 
(503) 644-0161 
Circle No 448 


IC image comparators, sonar devices 
eliminate out-of-focus photographs 


Nikita Andreiev, Manager, 
Midwest Editorial Office 


Two techniques have finally 
brought commercially feasi- 
ble automatic focusing to 


still cameras. One uses a 
compact sonar system; the 
other employs a_ specially 
developed linear IC that 


48 


automatically compares two 
images of the subject to be 
photographed in much the 
same way a photographer 
compares split images when 
focusing manually. 

The image-comparator IC, 
developed by Honeywell Inc, 
Minneapolis, MN, made pos- 
sible the first commercial- 


ly available automatic- 
focusing 35-mm still camera, 
the Konica C35AF. Honey- 
well has now licensed 15 
other manufacturers to use 
the autofocus device. 


It’s all done with mirrors 


The Honeywell system, 
termed Visitronic, utilizes 
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SOLID STATE 
GYROS 


just wont 


Model RT03-0108-1 =a 
2.56 inches diameter | 


Model RT01-0102-1 
1.0 inch diameter 


e Instant 20 millisecond startup 
e Uses only 2 watts DC Power 

e Guaranteed 10,000 hours 

e .002 Hz to 7 Hz bandwidth 

e Zero to 50° per second range 


These solid state, single axis angular 
rate sensors can be used as direct re- 
placements for small diameter rate 
gyros in many of today’s advanced 
guidance and control systems ... in- 
cluding autopilots, radar and heli- 
copter stabilization systems, and hun- 
dreds of other instrumentation appli- 
cations. They’re hermetically sealed, 
rugged, and insensitive to accelera- 
tion and vibration. They provide output 
signals of +2.5 VDC. 3-axis Models 
and units with ranges up to 3000°/ 
sec. also available. Write Humphrey, 
Inc., Dept. EDN279, 9212 Balboa Ave., 
San Diego, CA 92123. 

Phone (714) 565-6631 


WRITE FOR ENGINEERING 
APPLICATIONS BULLETIN 


Describes i a eee 
various circuits : ; 
that can be 

added to sensor 

to allow use as 

angular position, 

rate, or 

acceleration 

transducer. 


Manufactured under license from 
Hercules, Inc., U.S. Patent 3,500,691 


For more information, Circle No 33 
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optical triangulation to de- 
termine the optimum 
camera-lens focusing posi- 
tion. Two mirrors—one fixed 
and one movable—spaced a 
small distance apart behind 
windows on the camera 
front provide separate imag- 
es of the subject to be 
photographed. Each _ im- 
age — focused by a lens 
and guided by a _ prism— 
projects onto one of two 


separate light-sensitive de- 


tector areas of the IC chip. 
The system’s movable mir- 
ror reflects a panorama of 
images (obtained through 
one camera window) for the 
Visitronic chip to compare 
with the fixed mirror’s tar- 
get image of the subject 
(obtained through the other 
camera window). As the 
mirror pivots through an- 
gles that correspond to 


triangulated distances rang- 


ing from 1.1m to infinity, one 
mirror position furnishes an 
image of the subject that 
most closely matches the 
target image. 

The Visitronic chip, mea- 
suring approximately 2.5x6 
mm, processes and compares 
the image from the movable 
mirror (falling on one detec- 
tor) with the similar target 
image on the other detector. 
The resulting IC output 
signal represents a measure 
of image correlation, reach- 
ing a maximum when the 
images on both detectors are 
most nearly the same. 


Segments see more 


Rather than having the IC 
chip compare the outputs of 
the two light detectors on a 
one-to-one basis, Honeywell 
divided each detector into 
five vertical segments. The 
chip’s processing portion 
therefore compares detector 
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Index 


D Subminiature Connectors 


If the insert to the right has been removed 
please circle Reader Service Card 
No. 119, and we will rush a copy of the 

insert to you. 


For further information on Cannon® D 
Subminiature products, circle Reader 
Service No. 120 (D/MTD/DP). 


Authorized Cannon caps® Distributors: 


CALIFORNIA 
Kierulff Electronics, Inc. 
Los Angeles 90022 
Phone: 213/725-0325 e 714/636-1030 
Telex 691368 
Liberty Electronics 
El Segundo 90245 
Phone: 213/322-8100 e TXW 910/348-7111 
Richey Electronics, Inc. 
Sun Valley 91352 
Phone: 213/875-2862, 768-3800 
TWX 910-498-2205 
Time Electronics West, Inc. 
Torrance 90501 
Phone: 213/320-0880 e TWX 910-349-7536 
Time Electronics ¢ NOR/CAL 
Mountain View 94043 
Phone: 415/965-8000 e Telex 334430 
COLORADO 
Cramer/Denver 
Denver 80222 
Phone: 303/758-2100 e Telex 45705 
FLORIDA 
Time Electronics/Florida 
Ft. Lauderdale 33309 
Phone: 305/974-4800 e TWX 510-956-9408 


GEORGIA 
Electro Air Corp. 
Atlanta 30325 
Phone: 404/351-3545 e Telex 542127 
ILLINOIS 
Hall-Mark Electronics Corp. 
Elk Grove Village 60007 
Phone: 312/437-8808 « TWX 910-222-2859 
INDIANA 
Genesis Electronics 
South Bend 46628 
Phone: 219/287-2911 e TWX 810-299-2583 
MASSACHUSETTS 
Time Electronics/New England 
Woburn 01801 
Phone: 617/935-8080 e TWX 710-393-0171 
NEW YORK 
A.S.1./Progress Electronics Co., Inc. 
Plainview, L.1. 11803 
Phone: 516/433-1700 e TWX 510-221-1896 
Schweber Electronics 
Westbury, L.!. 11590 
Phone: 516/334-7474 e TWX 510-222-3660 
Summit Distributors, Inc. 
Buffalo 14202 
Phone: 716/884-3450 e TWX 710-522-1692 
Time Electronic Sales 
Hauppauge, L.|. 11787 
Phone: 516/273-0100 e Telex 967827 
NORTH CAROLINA 
Cramer/Winston-Salem 
Winston-Salem 27102 
Phone: 919/725-8711 ¢ TWX 510-931-3169 
PENNSYLVANIA 
Time/Mid-Atlantic 
Clifton Heights 19018 (Philadelphia) 
Phone: 215/622-2500 e Telex 845317 
Philadelphia Electronics, inc. 
Philadelphia 19107 
Phone: 215/568-7400 e TWX 710-670-0852 
TEXAS 
Hali-Mark Electronics Corp. 
Dallas 75222 
Phone: 214/234-7300 e TWX 910-867-4721 


Harrison Equipment Co., Inc. 
Houston 77004 
Phone: 713/652-4700 « TWX 910-881-2601 
WASHINGTON 
Kierulff Electronics, Inc. 
Tukwila 98188 
Phone: 206/575-4420 e TWX 910-444-2034 


ITT Cannon Electric, 666 E. Dyer Road, 
Santa Ana, CA 92702. 24-hour toll-free 
phone service: (800) 854-3573. In Calif. 
(800) 432-7063. 


Six decades on the leading edge of interconnect technology. 
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PRODUCT LINE SUMMARY 
SERIES DESCRIPTION DESIGNATION 
ps D Subminiature connector, 


ORIGINAL-D 


iOW cost 
p*c D Subminiature connector, low- BURGUN-D 
cost for commercial applications (Mark IV} 


BURGUN-D 


Flame-retardant D Subminiature (yar, jy) 


The Cannon 
D Subminiature Store 


CT OFF, 
CANNONS GOT IT 


CONTACTS 
Solder, Wire-Wrap and 
printed circuit 


INSULATORS 
Two-piece white Nylon 


Crimp, snap-in rear release 
& printed circuit. Plastic 
cone retention. 


Crimp snap-in, rear release 
& printed circuit. Plastic 
cone retention. 


Two piece, burgundy glass-filled 
Nylon 


Two piece, black glass-filled 
Nylon (UL rated 94V-0O) ~~ 


All-plastic 90° p.c.b. BURGUN-D : : oo 
D*P plastic, UL rated 94V-O)} Stamped printed circuit 
D siete (Mark IV) (flame retardant) 
D Subminiature connector for Solder, printed circuit, 
D*M more critical applications con- aa ee Monobloc, dark green, Wire-Wrap’ Coaxial, high 


forms to MIL-C-24308 
D Subminiature with LITTLE 


ROYAL-D 


D*MA CAESAR® contact retention Mark {II 
system conforms to MIL-C-24308 (Mark Il) 
D*SP Mass Terminated D Subminiature Mas/Ter-D 


pin & socket connector {Mark V) 


BROADNESS OF LINE 

Weicome to the ITT Cannon Electric D Submin- 
iature store...Feel free to look around among 
one of the broadest lines of high quality, high 
reliability subminiature rectangular connectors 
found anywhere. Our store has been around for 
60 years, serving industry worldwide. During 
that time customers have used billions of 
Cannon’ D Subminiature connectors, contacts, 
and associated accessories and tooling. Why 
billions? Because people appreciate quality,and 
that’s the concern of everyone in the ITT Cannon 
family. From the president to the assembly 
worker, weve a dedication to doing things right 
the first time. Thats why our Quality Assurance 
department guarantees the high reliability of our 
products in meeting industry standards and MIL- 
Spec demands. And were proud that this dedi- 
cation is reflected in the numerous customer 

_ awards for excellence that we've received. 


Black glass-reinforced thermo- 


Diallyiohthalate giass-filled 


power and high voltage. 


Crimp snap-in, rear release, 
coaxial and/or high voltage. 


Monoblioc, dark green, 
Diallyiphthalate glass-filled 


Black glass-reinforced thermo- 
plastic, UL rated 94V-O 
(flame retardant) 


Non-removable insulation 
displacement termination. 


*Trademark of Gardner Denver Corp, 


The versatile D Subminiature connector 
series is designed for applications where space 
and weight are prime considerations. Often the 
most economical solution to any interconnect 
problem, they accommodate a great number of 
circuits in relation to their size and weight. 

D series connectors can be adapted for cable 
attachments by use of one of the many aCe 
junction shells. 

All seven of our DSubminiature connector types | 
are fully intermateable, each accommodating 
up to 50 contacts in standard arrangements 
as well as high-density Double-D arrangements. 
Also available are combination arrangements 
with provision for coaxial, power, high voltage 
and printed circuit contacts. The versatility of 
D Subminiature connectors is enhanced by a 
variety of finishes and a complete line of acces- 
sories, most of which are UL-recognized. 


NEW line of 
‘high performance’ 


induction drive motors 


Same power in Q _ Howard’s new “high performance” line of FHP motorsis 


perfectly suited for all types of business equipment drives. 


smaller package! 16.7% shorter than motors of equal power — only 234” high. 


WIDE RANGE OF DESIGN CONFIGURATIONS 


Completely Square wave 24VAC—48VAC, Frequency 50-60 cycles, 


Voltage 100 V thru 256 V, Speeds synchronous to 


interchangeable! 3600 RPM, non-synchronous to 3400 RPM, 


Power 1/100 HP to 1/10 HP. 


UL and CSA approvable, available in PC, 
capacitor start or split phase models. 


VV AT 
7 SEND FOR NEW 26-33 Frame Induction 


Motor Catalog with full specifiications. 


HOWARD INDUSTRIES One North Dixie Highway, Milford, Ill. 60953. Phone: (815) 889-4105 
For more information, Circle No. 150 


